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1  
Introduction 

LimnoTech completed surface water sampling in September and October, 2015 to support Total 
Maximum Daily Load (TMDL) development for impaired waterbodies in the Upper Big Muddy River 
watershed.  This report describes the field investigations and results of the sampling program.  This 
report is divided into sections describing: 

 Field investigation overview 
 Water sample collection and field measurements 
 Sediment oxygen demand and dissolved oxygen monitoring 
 Quality assurance review 
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2  
Field Investigation Overview 

Monitoring was conducted within the Upper Big Muddy watershed in southern Illinois during 
summer 2015, in accordance with an Illinois EPA-approved Quality Assurance Project Plan (QAPP) 
(Attachment 1).  Sampling was initially planned for summer/fall of 2014, but was delayed until 2015 
due to wet conditions.  Survey deployment in 2015 was based on real-time streamflow at United 
States Geological Survey (USGS) gages in and near the watershed.  

The sampling and analysis activities included: 

 collection of water samples for laboratory analysis;  
 measurement of in-stream water quality and channel morphology parameters;  
 stream discharge measurements; 
 dissolved oxygen (DO) monitoring in the morning and afternoon; and  
 sediment oxygen demand (SOD) measurements.  

Water samples, stream and discharge measurements were collected from the selected locations 
during both events. SOD and morning/afternoon DO measurements were conducted at a subset of 
locations in each watershed.   

Following the completion of field investigation and laboratory analysis activities, the generated data 
were compiled and a quality assurance review was conducted to assess data quality and usability.  

Table 2-1 describes the sampling stations and presents field notes. One of the locations (NH-24) was 
inaccessible due to the presence of a locked access road gate with a no trespassing sign and was not 
sampled. Sampling locations are mapped in Figure 2-1. 

Tables 2-2 and 2-3 present a summary of sampling conducted at each location during round 1 and 
round 2, respectively 
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Table 2‐1.  Sampling Locations in the Upper Big Muddy River Watershed 

Stream  Access  TMDL  
Station ID 

Notes regarding flow 
conditions and accessibility 

Middle Fork Big Muddy  Deering Road/Co. Hwy. 5  NH‐06   

Middle Fork Big Muddy  Illinois State Hwy. 34  NH‐23   

Middle Fork Big Muddy  Unnamed lane west of Deering 

Road/Co. Hwy. 5 at W. Neal Rd 

NH‐24  Not accessible; locked access 

road gate/no trespassing sign 

Middle Fork Big Muddy  Macedonia Road/Co. Hwy. 18/Co. Hwy 

34 

NH‐08   

Middle Fork Big Muddy  N. Thompsonville Road/Co. Hwy. 17  NH‐21   

Middle Fork Big Muddy  Bessie Road/Co. Hwy. 2  NH‐07   

Andy Creek  Satch Road  NZN‐15   

Andy Creek  Park Street Rd/Co. Hwy. 37  NZN‐12   

Andy Creek  Forest cut/path north of Yellow Banks 

Road/Co. Hwy. 11 and west of Big 

Muddy River 

NZN‐10   

Big Muddy River  Cambria Road/Co. Hwy. 9  N‐17  Higher than desirable flows 

Big Muddy River  Pump Station Road/Lane  N‐18  Higher than desirable flows; Not 

accessible during round 1 

sampling. 

Big Muddy River  Unnamed lane north of Clifford Road at 

Big Muddy Road 

N‐19  Higher than desirable flows 

Hurricane Creek  N. Bend Road  NF‐01   

Pond Creek  Illinois State Hwy. 148  NG‐01   

Pond Creek  Freeman Spur Road  NG‐03   

Pond Creek  Illinois State Hwy. 37  NG‐02   

Pond Creek  Liberty School Road  NG‐05   

Lake Creek  Stiritz Road  NGA‐01   

Lake Creek  Binkley Road  NGA‐02   

Lake Creek  Prosperity Road/Co. Hwy. 1  NGA‐JC‐C1   
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Table 2‐2.  Round 1 Sampling Summary 

Stream  Station ID  NH3, TKN, TP, 
oP, CBOD5, 
Chla, DO, 

water temp. 

Flow (depth, 
velocity, channel 
morphometry) 

SOD, DO (am and pm) 

Middle Fork Big Muddy  NH‐06  X  X  DO (am, pm) 

[no access for SOD 

measurement] 

Middle Fork Big Muddy  NH‐23  X  X  SOD, DO (2 am) 

Middle Fork Big Muddy  NH‐24  No access, locked gate/no trespassing sign 

Middle Fork Big Muddy  NH‐08  X  X   

Middle Fork Big Muddy  NH‐21  X  X   

Middle Fork Big Muddy  NH‐07  X  X  SOD (alt. for NH‐06) 

Andy Creek  NZN‐15  X  X  SOD, DO (am, pm) 

Andy Creek  NZN‐12  X  X   

Andy Creek  NZN‐10  X  X   

Big Muddy River  N‐17  X  No ‐ 

Equipment failure 

DO (am, pm) 

[no SOD‐unsuitable substrate] 

Big Muddy River  N‐18  No access, locked gate/no trespassing sign 

Big Muddy River  N‐19  X  No bridge access, 

unsafe to wade 

SOD (alt. for N‐17) 

Hurricane Creek  NF‐01  X  X   

Pond Creek  NG‐01  X  X   

Pond Creek  NG‐03  X  X   

Pond Creek  NG‐02  X  X  SOD, DO (am, pm) 

Pond Creek  NG‐05  X  X   

Lake Creek  NGA‐01  X  X   

Lake Creek  NGA‐02  X  X  SOD, DO (am, pm) 

Lake Creek  NGA‐JC‐C1  X  X   

Notes:  

 NH3 (ammonia), TKN (Total Kjeldahl Nitrogen), TP (Total Phosphorus), op (ortho phosphorus), CBOD5 (5‐day 

carbonaceous biochemical oxygen demand), Chla (chloropyll a), DO (Dissolved oxygen), SOD (sediment oxygen 

demand) 

 Alternate locations were used for SOD as follows (NH‐07 in place of NH‐06; N‐19 in place of N‐17) for reasons 

described above. 
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Table 2‐3.  Round 2 Sampling Summary 

Stream  Station ID  NH3, NO3, TKN, TP, oP, 
CBOD5, DO, water 

temp. 

Flow (depth, 
velocity, channel 
morphometry) 

Middle Fork Big Muddy  NH‐06  X + Chla  X 

Middle Fork Big Muddy  NH‐23  X + Chla  X 

Middle Fork Big Muddy  NH‐24  No access, locked gate/no tresspassing sign 

Andy Creek  NZN‐15  X  X 

Andy Creek  NZN‐12  X  X 

Andy Creek  NZN‐10  X  X 

Big Muddy River  N‐17  DO/water temp. only  X 

Big Muddy River  N‐18  X + Chla   

Big Muddy River  N‐19  DO/water temp. only   

Notes:  

 NH3 (ammonia), NO3 (nitrate), TKN (Total Kjeldahl Nitrogen), TP (Total Phosphorus), oP (ortho 

phosphorus), CBOD5 (5‐day carbonaceous biochemical oxygen demand), Chla (chloropyll a), DO 

(Dissolved oxygen), SOD (sediment oxygen demand) 
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Figure 2‐1  Upper Big Muddy River Watershed Sampling Locations 
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3  
Water Sample Collection and Field Measurements 

Sampling activities were conducted in accordance with the QAPP during low flow conditions on two 
separate occasions (Round 1 and Round 2), with the exception of the Big Muddy River segment 
sampling locations which were at higher than median flows for both rounds of sampling.  Stream 
segments impaired due to low dissolved oxygen were sampled twice if a permitted point source 
discharge was being considered as a potential source contributing to low dissolved oxygen.  This 
assessment was based on an evaluation of point source discharge locations compared to IEPA 
sampling locations that the impairment assessments were based on.  For example, if a stream 
segment is impaired due to low dissolved oxygen, but the impairment determination was based on 
data collected upstream of all point sources to that segment, then the stream was only sampled once. 

Surface water samples and field measurements were collected at 19 stream locations (out of a possible 
20 planned locations); Two locations (N-18, NH-24) were not sampled due to lack of access during 
the first round of sampling and one location (NH-24) was not sampled due to lack of access during 
the second round of sampling. The Big Muddy River was flowing above median levels for both 
sampling rounds, though at lower flows during the second round. All other stream locations were at 
low flows; generally flowing during the first round of sampling and generally not flowing during the 
second round of sampling. Water level conditions observed in the field are noted in Table 2-1. 

Field instruments were used to measure in-situ water quality parameters, and TriMatrix Laboratories 
in Grand Rapids, Michigan, conducted all laboratory analyses except those for Chlorophyll a, which 
were conducted by the Great Lakes Environmental Center (GLEC) in Traverse City, Michigan under 
subcontract to TriMatrix. At all locations, water samples were collected for laboratory analysis of 
ammonia (NH3), total kjeldahl nitrogen (TKN), total phosphorus (TP), ortho phosphorus (oP), 5-day 
carbonaceous biochemical oxygen demand (CBOD5) and chlorophyll a (Chla). During the second 
round of sampling, nitrate (NO3) analysis was added and Chla was only sampled at the Big Muddy 
and Middle Fork Big Muddy locations. Field measurements included dissolved oxygen (DO), water 
temperature (T), channel morphometry (water depth and width) and discharge measurements.  
Discharge was recorded using standard USGS techniques employing an electromagnetic point velocity 
meter (Marsh–McBirney Flo-Mate 2000) and a bridgeboard or a wading rod.  Information 
supporting flow calculation was recorded in field notebooks and included: 

 Site location, 
 Date and time, 
 Measurement monitoring point, 
 Distance between measurement points, 
 Depth at each measurement point, 
 Velocities at each measurement point, and 
 Any significant observations of monitoring procedures or river conditions. 

Round 1 laboratory analytical and field measurement results are presented in Tables 3-1 and 3-2, 
respectively.  Round 1 channel morphometry and discharge measurement results are presented in 
Table 3-3. 
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Round 2 laboratory analytical and field measurement results are presented in Tables 3-4 and 3-5, 
respectively. Round 2 channel morphometry and discharge measurement results are presented in 
Table 3-6. 

Table 3‐1. Round 1 Laboratory Analytical Results  

Sample ID 
Sample Collection  

Date Time 
CBOD5 
(mg/L) 

Chla  
(mg/L) 

NH3  
(mg/L) 

TKN  
(mg/L) 

oP  
(mg/L) 

TP  
(mg/L) 

Middle Fork Big Muddy River 

NH‐06  9/22/2015 13:20  8.9  0.04571  <0.050  1.1  0.03  0.122 

NH‐07  9/22/2015 11:20  <2.0  0.03011  <0.050  0.68  0.044  0.124 

NH‐08  9/22/2015 16:20  <2.0  0.01157  0.27  1.1  0.033  0.102 

NH‐21  9/22/2015 15:30  3.5  0.01669  <0.050  1.1  0.018  0.112 

NH‐23  9/22/2015 14:30  2.1  0.01375  <0.050  0.71  0.042  0.103 

Big Muddy River 

N‐17  9/23/2015 14:20  2.3  0.02903  0.068  0.73  0.111  0.252 

N‐19  9/23/2015 16:30  2.5  0.02954  0.069  0.94  0.128  0.228 

Andy Creek 

NZN‐10  9/23/2015 11:05  <2.0  0.00486  0.26  1.1  0.457  0.582 

NZN‐12  9/23/2015 10:15  <2.0  0.00467  0.061  0.63  0.047  0.0807 

NZN‐15  9/23/2015 9:30  <2.0  0.00352  0.47  1.2  0.214  0.245 

DUP‐1  
(NZN‐15)  9/23/2015 9:30  <2.0  0.0046  0.45  1.1  0.187  0.229 

Hurricane Creek 

NF‐01  9/23/2015 18:00  <2.0  0.00173  0.056  <0.50  0.125  0.161 

Pond Creek 

NG‐01  9/24/2015 11:30  <2.0  0.00166  0.06  0.66  0.109  0.174 

NG‐02  9/24/2015 9:20  5  0.03452  <0.050  0.84  <0.0100  0.132 

DUP‐2  
(NG‐02)  9/24/2015 9:20  5.4  0.03874  <0.050  1.1  <0.0100  0.132 

NG‐03  9/24/2015 10:00  <2.0  0.00806  0.051  0.66  0.091  0.135 

NG‐05  9/24/2015 16:40  2.6  0.02832  1.4  2  <0.0100  0.0565 

Lake Creek 

NGA‐01  9/24/2015 12:30  <2.0  0.02161  <0.050  0.53  0.133  0.151 

NGA‐02  9/24/2015 15:10  <2.0  0.00332  <0.050  <0.50  <0.0100  0.0218 

NGA‐JC‐C1  9/24/2015 16:00  <2.0  0.00511  8.9  9.9  2.43  2.41 

Field Blank Samples 

FB‐1  9/22/2015 11:15  <2.0  <0.0003  0.2  <0.50  <0.0100  <0.0100 

FB‐2  9/24/2015 7:15  <2.0  <0.0003  <0.050  <0.50  <0.0100  <0.0200 
Analyte Codes: 
CBOD5 – Carbonaceous Biochemical Oxygen Demand 
Chla – Chlorophyll a 
NH3 – Ammonia Nitrogen 

TKN – Total Kjeldahl Nitrogen 
oP – ortho phosphorus 
TP – Total Phosphorus 
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Table 3‐2. Round 1 Field Measurement Results 

Station  Collection Date Time  Dissolved Oxygen (mg/L)  Water Temperature  (degC) 

Middle Fork Big Muddy River 

NH‐06  9/22/2015 12:18  12.03  19.72 

NH‐06  9/22/2015 18:15  13.32  20.36 

NH‐07  9/22/2015 10:11  6.06  19.1 

NH‐07  9/22/2015 10:16  6.31  19.1 

NH‐07  9/22/2015 11:20  6.86  19.64 

NH‐08  9/22/2015 16:20  3.04  19.11 

NH‐21  9/22/2015 15:30  4.87  21.18 

NH‐23  9/22/2015 14:30  7.91  19.31 

NH‐23  9/22/2015 17:53  9.75  21.6 

Big Muddy River 

N‐17  9/23/2015 7:32  7.43  21.19 

N‐17  9/23/2015 14:20  8.58  24.44 

N‐19  9/23/2015 16:47  8.36  22.6 

N‐19  9/23/2015 17:23  8.04  23.3 

N‐19  9/23/2015 17:30  8.05  23 

Andy Creek 

NZN‐10  9/23/2015 11:19  1.9  20.53 

NZN‐12  9/23/2015 10:15  4.47  17.6 

NZN‐15  9/23/2015 8:40  1.88  16.8 

NZN‐15  9/23/2015 8:49  1.6  16.7 

NZN‐15  9/23/2015 9:36  2.15  17.04 

NZN‐15  9/23/2015 12:20  1.94  18.5 

Hurricane Creek 

NF‐01  9/23/2015 18:01  7.84  20.97 

Pond Creek 

NG‐01  9/24/2015 11:30  9.12  19.47 

NG‐02  9/24/2015 8:44  7.54  17.7 

NG‐02  9/24/2015 8:45  7.35  17.7 

NG‐02  9/24/2015 9:27  7.08  17.65 

NG‐02  9/24/2015 14:19  14.77  25.97 

NG‐03  9/24/2015 10:03  6.52  19.01 

NG‐05  9/24/2015 16:47  15.33  20.65 

Lake Creek 

NGA‐01  9/24/2015 12:30  8.9  19.74 

NGA‐02  9/24/2015 7:52  7.01  17.14 

NGA‐02  9/24/2015 14:54  6.75  20.1 

NGA‐02  9/24/2015 15:00  7.49  21.3 

NGA‐02  9/24/2015 15:27  8.83  25.33 

NGA‐JC‐C1  9/24/2015 16:03  3.5  20.76 
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Table 3‐3.  Round 1 Channel Morphometry and Flow 

Station  Date 

Stream 
Width 
(ft) 

Average 
Water 

Depth (ft) 

Average 
Velocity 
(ft/s) 

Water 
Area 
(ft2) 

Discharge 
(ft3/s) 

Middle Fork Big Muddy River 

NH‐08  9/22/2015 16:30  34  1.99  0.04  67.5  2.68 

NH‐21  9/22/2015 15:40  77  1.53  0.04  117.5  3.64 

NH‐07  9/22/2015 10:30  68  4.09  0.05  278.0  13.04 

NH‐23  9/22/2015 14:45  70  3.91  0.03  274.0  8.13 

NH‐06  9/22/2015 12:30  318  1.30  0.03  412.0  15.42 

Andy Creek 

NZN‐12  9/23/2015 10:20  20  0.24  0.00  4.8  0.01 

NZN‐15  9/23/2015 9:10  18  0.60  0.03  10.8  0.32 

NZN‐10  9/23/2015 11:10  14  0.43  0.03  6.0  0.21 

Lake Creek 

NGA‐02  9/24/2015 15:35  16  1.15  0.04  18.4  0.75 

NGA‐JC‐C1  9/24/2015 16:00  17  1.04  0.03  17.6  0.68 

NGA‐01  9/24/2015 12:40  25  0.40  0.45  10.0  5.54 

Pond Creek 

NG‐05  9/24/2015 16:50  25  1.10  0.06  27.6  1.90 

NG‐02  9/24/2015 8:55  29  0.87  0.08  25.2  2.24 

NG‐03  9/24/2015 10:15  44  2.48  0.07  109.2  7.23 

NG‐01  9/24/2015 11:45  32  1.86  0.05  59.6  3.43 

Hurricane Creek 

NF‐01  9/23/2015 18:10  18  0.31  0.37  5.6  1.88 

Big Muddy River 

N‐17  9/23/2015 14:50  70  Not measured ‐ equipment failure 
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Table 3‐4. Round 2 Laboratory Analytical Results  

Sample ID 
Sample Collection  

Date Time 
CBOD5
(mg/L) 

Chla 
(mg/L) 

NO3 
(mg/L) 

NH3 
(mg/L) 

TKN 
(mg/L) 

oP 
(mg/L) 

TP 
(mg/L) 

Andy Creek 

NZN‐10  10/14/2015 13:15  <2.0  n/a  <0.050  0.39  1.1  0.449  0.479 

NZN‐12  10/14/2015 11:45  <2.0  n/a  <0.050  <0.050  0.51  0.115  0.154 

DUP‐3 (NZN‐12)  10/14/2015 11:45  <2.0  n/a  <0.050  <0.050  0.52  0.114  0.162 

NZN‐15  10/14/2015 12:20  <2.0  n/a  0.065  1.7  2.9  0.276  0.33 

Big Muddy River 

N‐18  10/14/2015 9:00  2.5  0.032  0.56  <0.050  0.86  0.119  0.189 

Middle Fork Big Muddy River 

NH‐06  10/14/2015 15:40  2.5  0.0094  0.29  <0.050  0.66  0.072  0.113 

NH‐23  10/14/2015 14:00  2.4  0.02  0.49  <0.050  0.84  0.049  0.108 

Field Blank 

FB‐3  10/14/2015 11:30  <2.0  <0.0003  <0.050  <0.050  <0.50  <0.0100  <0.0100 
Analyte Codes: 
CBOD5 – Carbonaceous Biochemical Oxygen Demand 
Chla – Chlorophyll a 
NO3 – Nitrate Nitrogen 
NH3 – Ammonia Nitrogen 

TKN – Total Kjeldahl Nitrogen 
oP – ortho phosphorus 
TP – Total Phosphorus 
n/a – not analyzed 

 

Table 3‐5. Round 2 Field Measurement Results  

Station  Collection Date Time 
Dissolved Oxygen 

(mg/L) 
Water Temperature 

(degC) 

Middle Fork Big Muddy River 

NH‐06  10/14/2015 15:45  4.81  16.4 

NH‐23  10/14/2015 14:00  6.56  15.2 

Big Muddy River 

N‐17  10/14/2015 10:00  8.36  16.6 

N‐18  10/14/2015 9:00  7.64  16.9 

N‐19  10/14/2015 8:00  7.76  16.8 

Andy Creek 

NZN‐10  10/14/2015 13:15  2.45  16.2 

NZN‐12  10/14/2015 11:30  6.79  13 

NZN‐15  10/14/2015 12:20  1.49  14 
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Table 3‐6.  Round 2 Channel Morphometry and Flow 

Station  Date 
Stream 

Width (ft) 

Average 
Water 

Depth (ft) 

Average 
Velocity 
(ft/s) 

Water 
Area 
(ft2) 

Discharge 
(ft3/s) 

Middle Fork Big Muddy River 

NH‐23  10/14/2015 14:30  73  4.38  0.01  320.10  5.97 

NH‐06  10/14/2015 14:30  80  2.78  0.00  222.00  0.00 

Andy Creek 

NZN‐12  10/14/2015 11:50  21  0.42  0.00  8.80  0.00 

NZN‐15  10/14/2015 12:25  28  0.89  0.03  25.00  0.69 

NZN‐10  10/14/2015 13:20  18  0.67  0.01  12.00  0.16 

Big Muddy River 

N‐17  10/14/2015 10:19  52  1.37  1.89  71.40  146.06 
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4  
Sediment Oxygen Demand and  
Dissolved Oxygen Monitoring 

Sediment oxygen demand and dissolved oxygen were measured at select locations representative of 
river conditions in each watershed during the first round of sampling. SOD respirometer chambers 
were installed in accordance with the QAPP, and DO measurements during SOD testing were 
manually recorded in the field notes for a period of 2 hours or until DO dropped by 2 mg/L or to zero 
mg/L. The data were used to calculate SOD rates for use in the DO modeling activities. The SOD rate 
results are presented in Table 4-1. 

Dissolved oxygen (DO) readings were recorded in the morning and the afternoon at select locations 
using optical dissolved oxygen sensors. The DO sensors were calibrated every morning on the days of 
sampling using the percent air saturation method in accordance with the manufacturer’s operation 
manual. 

The diurnal DO data are presented in Table 4-2. 

Table 4‐1. Sediment Oxygen Demand  

Date  Site ID  Location  SOD, g/m2/day @ 20c (2) 

9/22/2015  NH‐07  Middle Fork Big Muddy River  ‐0.3789 

9/22/2015  NH‐23  Middle Fork Big Muddy River  ‐1.8326 

9/23/2015  NZN‐15  Andy Creek  ‐0.6979 

9/24/2015  NG‐02  Lake Creek  ‐1.4260 

9/24/2015  NGA‐02  Pond Creek  ‐0.8503 

9/23/2015  N‐19  Big Muddy River  ‐2.3607 
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Table 4‐2. Diurnal Dissolved Oxygen Measurements  

Station  Collection Date Time 
Dissolved Oxygen 

(mg/L) 

Middle Fork Big Muddy River 

NH‐06  9/22/2015 12:18  12.03 

NH‐06  9/22/2015 18:15  13.32 

NH‐23  9/22/2015 14:30  7.91 

NH‐23  9/22/2015 17:53  9.75 

Big Muddy River 

N‐17  9/23/2015 7:32  7.43 

N‐17  9/23/2015 14:20  8.58 

N‐19  9/23/2015 17:30  8.05 

Andy Creek 

NZN‐15  9/23/2015 9:36  2.15 

NZN‐15  9/23/2015 12:20  1.94 

Pond Creek 

NG‐02  9/24/2015 8:44  7.54 

NG‐02  9/24/2015 8:45  7.35 

NG‐02  9/24/2015 9:27  7.08 

NG‐02  9/24/2015 14:19  14.77 

Lake Creek 

NGA‐02  9/24/2015 7:52  7.01 

NGA‐02  9/24/2015 14:54  6.75 

NGA‐02  9/24/2015 15:00  7.49 

NGA‐02  9/24/2015 15:27  8.83 
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5  
Quality Assurance Review 

A review was conducted to assess the quality and usability of data generated from implementation of 
the work activities and to assess adherence to protocols specified in the QAPP. Field and laboratory 
methods were reviewed and found to be in accordance with the QAPP; however, certain changes to 
sampling and analysis activities were implemented that deviated from the sampling plan presented in 
the QAPP and are documented in this section. Field measurement data and laboratory analytical data 
were verified and validated in accordance with the QAPP.  

Overall, the data generated are of satisfactory quality and suitable for the intended uses, which 
include stream characterization and modeling for TMDL development. Some of the data, though 
acceptable for use, are qualified because of deficiencies in field or laboratory quality control 
procedures or conditions. Other data, though not specifically flagged with a data qualifier, are 
associated with uncertainties that prompt caution in their use.  These are discussed in this section. 

The following subsections of this document present the deviations, deficiencies and cautions 
associated with the data generated during the investigations. These subsections include the sampling 
plan changes implemented during the course of the investigation and the results of the data 
verification and data validation activities. 

 Changes from Sampling Plan (QAPP) 

The QAPP was approved in September 2014 and contains the sampling plan for the investigations 
described in this report. Sampling was originally scheduled to occur during 2014 but was delayed a 
year because of unsuitably high flow conditions in the Upper Big Muddy River system. During this 
period of delay and prior to the sampling and analysis activities conducted in 2015, certain changes 
were made to the sampling plan or sampling protocols specified in the QAPP as noted in the following 
list. The QAPP was not updated to reflect these changes which are instead documented in this section 
of this report. 

 The laboratory was changed to TriMatrix (and GLEC) from Brighton Analytical. The change in 
laboratories resulted in a change in reporting limits for ammonia (from 0.01 to 0.05 mg/L) and 
total Kjeldahl nitrogen (from 0.1 to o.5 mg/L). The reporting limits used for data validation are 
included in Table 5-2 of this report. These reporting limit changes did not affect the usability of 
the data for the Stage 3 modeling activities. 

 Chlorophyll a analyses were added to evaluate possible effects of phytoplankton on dissolved 
oxygen levels. 

 It was planned that nitrate be dropped from the analytical list as it is not essential for the Stage 3 
modeling activities; however, it was analyzed for the second sampling event conducted in October 
2015. The omission of nitrate analysis for the first sampling event in September 2015 does not 
affect the usability or completeness of the data. 
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 Changes in sampling locations occurred as NH-24 and N-18 were not accessible during Round 1 
and NH-24 was not accessible during round 2, but N-18 was. Inaccessibility was caused by locked 
access gates with no trespassing signs and unavailability of contact personnel to gain access. 

 The low flow condition threshold was exceeded for the Big Muddy River during both sampling 
rounds but sampled tributaries to the Big Muddy River were at acceptable low flow conditions. 

 SOD measurements were moved from the planned location of NH-06 to the alternate location of 
NH-07 because there was no safe access to the main channel river banks at NH-06. In addition, 
SOD measurements were moved from the planned location of N-17 to the alternate location of N-
19 because of inability to properly seat the respirometers at the N-17 location related to the 
presence of cobbles in the river bottom sediments that were at accessible wading depths. 

 Data Verification and Validation  

The data generated are of overall good quality and acceptable for use with some qualifications as 
discussed below.  

Completeness. The completeness criterion of 90% in the QAPP was met. One station (NH-24) out 
of 20 (26 stations total, if repeat visits counted) was not sampled during both events because of lack of 
access. All other locations were sampled with 100% analysis of samples submitted to the laboratory. 

Accuracy and Precision. All quality control results for accuracy (method blank, lab control 
samples) and precision (lab and field duplicates) were within the control limits stated in the QAPP.  

Representativeness. Representativeness was achieved through the use of standard operating 
procedures for sample collection and handling activities and laboratory analysis and reporting 
activities. 

Discharge data. All stream discharge results are acceptable for use. Discharge was not measured at 
locations that were unsafe to wade or had no bridge access. These included N-17, N-18 and N-19 
during the first sampling event. N-17 flows could not be measured from the bridge because of an 
equipment failure, while wading techniques at all three stations couldn’t be employed because of 
unsafe water velocities, depths and/or mucky bottoms. N-17 flow measurements were successfully 
obtained during the second sampling event. 

Laboratory QC data. All sample analytical results are acceptable for use.  

 The holding time of 24 hours from sample collection to sample filtration was slightly exceeded for 
event 1 chlorophyll a analyses of NZN-15 (and DUP-1), FB-2, and NG-02 (and DUP-2) and for 
event 2 chlorophyll a analyses of N-18; however, the results for these samples are considered 
acceptable for their planned use.  

 The matrix spike (MS) or matrix spike duplicate (MSD) recovery, but not both, was outside the 
control limits for the round 1 event ortho phosphorus analysis of NZN-15 and the round 2 event 
total kjeldahl nitrogen analysis in N-18. In both cases, the MS/MSD relative percent difference 
(RPD) was within the control limit. No action is required for deficient MS results and the sample 
results are considered acceptable for the planned use. 

 The calibration reporting limit standard (CRL) recovery was outside control limits for the 
10/14/2015 samples analyzed for nitrate, ammonia and total phosphorus. The method QC was 
within the limits. CRL recovery issues are not a cause for qualification per the method. 

Field QC data.  Field quality control (QC) samples were collected to assess bias associated with field 
and laboratory methods. The field QC samples included three rinse blank samples and three field 
duplicate sample pairs. The results of these analyses are presented below. 



Stage 2 Report     March 2016
Illinois TMDL Watershed Sampling     

    Page | 19

 Rinse Blanks. All field rinse blank sample results were below the detection limit with the 
exception of ammonia at 0.2 mg/L in the FB-1 sample collected at 9/22/2015 at 11:15. This 
ammonia result most likely did not impact the NH-07 sample collected at 9/22/2015 at 11:20. All 
samples were collected after cleaning the sample collection bucket by employing a detergent wash 
followed by a distilled water triple rinse, followed by a sample water rinse immediately prior to 
collection of the stream water sample. Based on the sample equipment cleaning procedures, it is 
unlikely that cross-contamination occurred in any environmental sample. 

 Duplicates. The duplicate results were all acceptable with relative percent differences below the 
precision criterion (20%) specified in the QAPP. The duplicate sample quality assurance results 
are presented in Table 5-1. For the purposes of submitting field duplicate results in accordance 
with IEPA-formatting requirements for the Station Code field, one minute was added to the 
sample collection time to distinguish between duplicate samples, as approved by the IEPA project 
manager. 

 

Table 5‐1.  Field Duplicate Pair Sample Results 

Sample ID 
CBOD5 
(mg/L)  Chl a 

NH3 
(mg/L) 

NO3 
(mg/L) 

TKN 
(mg/L) 

oP 
(mg/L) 

TP 
(mg/L) 

Round 1 Results 

NZN‐15  <2  0.00352  0.47  n/a  1.2  0.214  0.245 

DUP‐1 (NZN‐15)  <2  0.0046  0.45  n/a  1.1  0.187  0.229 

RPD (%)  6.7  1.1  n/a  2.2  3.4  1.7 

NG‐02  5  0.03452  <0.05  n/a  0.84  <0.01  0.132 

DUP‐2 (NG‐02)  5.4  0.03874  <0.05  n/a  1.1  <0.01  0.132 

RPD (%)  1.9  2.9    6.7  0.0 

Round 2 Results 

NZN‐12  <2.0  n/a  <0.050  <0.050  0.51  0.115  0.154 

DUP‐3 (NZN‐12)  <2.0  n/a  <0.050  <0.050  0.52  0.114  0.162 

RPD (%)          0.5  0.2  1.3 

*RPD= |S-D| x100 / (S+D)/2 where S: original sample; D: Duplicate sample 

 n/a – not analyzed 

 

Conformance to Data Quality Objectives. Overall, the data generated during the investigation 
conformed to the project data quality objectives (DQOs) and are suitable for their intended uses. The 
monitored parameters were evaluated in terms of minimum measurement criteria, minimum 
measurement objectives, required detection limits, accuracy, precision and completeness using the 
DQOs presented in the project QAPP. Table 5-2 summarizes the results of the DQO quality assurance 
(QA) check.  

The QA check shows apparent deficiencies with reporting limits for NH3, TKN and TP results; 
however, the values reported are subject to laboratory capabilities and also are deemed satisfactory 
for the intended use of the data. The completeness criteria reflect the number of samples and 
measurements that were originally planned; however, as noted previously, one location (NH-24) on 
private property was unable to be accessed and an alternate location is not available.  
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Table 5‐2.  Measurement Objectives and Criteria Check 
          Matrix Spike/Matrix Spike Duplicate *  Lab Control Sample *     

Parameter 
Minimum 

Measurement 
Criteria 

Minimum 
Measurement 
Objectives 

Method *; 
MDL/Reporting 

Limit1 

QA Check 
** 

Accuracy
(% 

recovery) 

QA 
Check 
** 

Precision
(RPD) 

QA 
Check 
** 

Accuracy 
(% recovery) 

QA 
Check 
** 

Completeness 
QA 

Check 
** 

Dissolved Oxygen  NA  0.1 mg/LS 
Optical sensor;

0.1 mg/l S 
Sat  NA  NA  NA  NA  NA  NA  90%  92.3% 

Water 
Temperature 

NA  0.1 degree CS 
Thermometer; 
0.1 degree C S 

Sat  NA  NA  NA  NA  NA  NA  90%  92.3% 

Ammonia  15.0 mg/LG  3.0 mg/L 
SM4500NH3G;
0.009 mg/l / 0.01 

mg/l 

Sat 
(RL=0.05 
mg/l) 

80‐120%  Sat  20%  Sat  80‐120%  Sat  90%  92.3% 

Total Kjeldahl 
Nitrogen 

No Standard   
EPA 351.2; 

0.09 mg/l / 0.1 
mg/l 

Sat (RL=0.5 
mg/l) 

80‐120%  Sat  20%  Sat  80‐120%  Sat  90%  92.3% 

Nitrate  No Standard   
EPA 300.0 

0.005 mg/l / 0.05 
mg/l 

Sat  80‐120%  Sat  20%  Sat  80‐120%  Sat  90%   NA*** 

Total Phosphorus  0.05 mg/LG  0.01 mg/L 
SM4500PE; 

0.008 mg/l / 0.01 
mg/l 

Sat 
(RL=0.01 to 
0.02 mg/l) 

80‐120%  Sat  20%  Sat  80‐120%  Sat  90%  92.3% 

Ortho 
phosphorus 

No Standard   
SM4500PE; 

0.008 mg/l / 0.01 
mg/l 

Sat  80‐120%  Sat  20%  Sat  80‐120%  Sat  90%  92.3% 

cBOD5  No Standard   
SM5210B; 
NA / 2 mg/l 

Sat  NA  NA  20%a  Sat  N/A  Sat  90%  92.3% 

Chlorophyll a  No Standard   
SM10200H 

0.0003 mg/l / 
0.0007 mg/l 

Sat  80‐120%  Sat  20%  Sat  80‐120%  Sat  90%  92.3% 

NA = Not Applicable                SM ‐ Standard Methods of the Examination of Water and Wastewater, 20th Edition 
S     = Required sensitivity       EPA ‐ EPA Methods for Chemical Analysis of Water and Wastes, March 1983  
*     = Limits reported in the QAPP are subject to change based upon capabilities of the contract lab 
1     = Method Detection Limit (MDL) from SM and EPA. 
G    = State of Illinois General Use Water Quality Standard 
a    = Precision will be evaluated using laboratory replicates rather than MS/MSD 

**  = These columns document the results of the QA review and changes in the laboratory reporting limits (RL) 

Sat = QA check is satisfactory, criterion met 

***Nitrate is not an essential analyte for the Stage 3 modeling
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1  
Project Management (Group A) 

The purpose of the Quality Assurance Project Plan (QAPP) is to document the necessary procedures 
required to assure that the project is executed in a manner consistent with applicable United States 
Environmental Protection Agency (U.S. EPA) guidance documents and with generally accepted and 
approved quality assurance objectives.  In this QAPP, U.S. EPA QAPP Guidance Group A 
requirements are discussed in this section (Section 1), Group B requirements are discussed in Section 
2, Group C requirements are discussed in Section 3 and Group D requirements are discussed in 
Section 4. 

This QAPP was prepared to support surface water sampling activities related to the development of 
Total Maximum Daily Loads (TMDLs) for impaired water bodies in the Upper Big Muddy River 
watershed: 

This QAPP provides guidance and specifications to assure that: 

 proper preventive maintenance, equipment calibration, and approved analytical protocols 
will be implemented so that all field measurements and sampling analytical results will be 
valid;  

 sampling is conducted using sample tracking systems and chain-of-custody procedures which 
properly identify samples being collected and ensure the control of those samples from field 
collection through analysis and data reduction; 

 records are produced and retained to document the quality of samples collected and analyzed, 
the validity of applied procedures, and the completeness of the investigation in relation to the 
approved scope of the project;  

 generated data is validated; and 
 calculations, evaluations, and decisions completed or deduced during the execution of the 

study are accurate, appropriate, and consistent with the objectives of the investigation.   

The requirements of this QAPP are applicable to the activities of all participants in the investigation.  
This QAPP will address all anticipated activities necessary to execute the investigation.  

1.1. Distribution List (A3) 

Each organization listed on the approval sheet will receive an electronic copy of this QAPP via email. 
Individuals taking part in the project may request additional copies of the QAPP from the LimnoTech 
project manager listed in the following section of this QAPP. LimnoTech will retain in the project files 
the original approved QAPP containing the Approval Sheet with signatures and dates. 

1.2. Project Organization (A4) 

LimnoTech of Ann Arbor, Michigan, and its subcontractor, Brighton Analytical L.L.C. (BA) of 
Brighton, Michigan, will conduct activities on behalf of the Illinois Environmental Protection Agency 
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in support of TMDL development for impaired water bodies. LimnoTech will maintain the technical 
responsibility for implementing the water quality sampling activities for the Upper Big Muddy River 
watershed. Brighton Analytical will provide analytical laboratory services for LimnoTech.   

LimnoTech will coordinate activities with its subcontractor. The staff of LimnoTech and the 
laboratories will report to their respective team leaders and project managers for technical and 
administrative direction.  Each staff member has responsibility for performance of assigned quality 
control duties in the course of accomplishing identified tasks.  The quality control duties include:  

 completing the assigned task in a quality manner in accordance with the schedule and with 
established procedures.  

 ascertaining that the work performed is technically correct and meets all aspects of the QAPP. 

An organizational chart illustrating the study group hierarchy is presented in Figure 1.  The roles, 
responsibilities and contact information of LimnoTech and other personnel that will work on this 
project are summarized in Table 1. 

 

Figure 1.  Study Organizational Chart 

 

   

LimnoTech
David Dilks

Project Administrator / 
Quality Assurance Officer

LimnoTech
Field Manager

Brighton Analytical
William Topolski

Laboratory Director

LimnoTech
Penelope Moskus 
Project Manager

Brighton 
Analytical

Technical Staff

Illinois EPA
Abel Haile
Supervisor

Illinois EPA
Michelle Rousey

Quality Assurance Officer

LimnoTech
Project Engineer/Scientist
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Table 1.  Project Organization/Responsibilities/Contact List 

Affiliation/Role  Personnel / Contact Information  General Responsibilities 

Illinois EPA 
Supervisor 

Abel Haile 
  217-782-3362 / abel.haile@illinois.gov  

Review and approve all work 
products 

Illinois EPA  
Quality Assurance 
Officer 

Michelle Rousey 
217-785-3944 / Michelle.rousey@illinois.gov  

QAPP review  

LimnoTech  
Project Administrator, 
Quality Assurance 
Officer 

David Dilks 
  734-332-1200 / ddilks@limno.com 

General and QA oversight; 
Review all work products 

LimnoTech  
Project Manager 

Penelope Moskus 
  734-332-1200 / pmoskus@limno.com  

Project management; 
Direct all field, data evaluation, and 
reporting activities 

LimnoTech  
Field Manager 

Robert Betz 
  734-332-1200 / bbetz@limno.com 
Or  
Cathy Whiting 
  734-332-1200 / cwhiting@limno.com  

Supervise all field sampling, field 
safety and health, quality assurance, 
data evaluation, and reporting 
activities 

LimnoTech  
Project 
Engineer/Scientist 

Chris Behnke 
  734-332-1200 / cbehnke@limno.com  
Cullen O’Brien 
  734-332-1200 / cobrien@limno.com  

Field and technical support  

Brighton Analytical 
L.L.C.  

William Topolski 
  810-229-7575 / bai-brighton@sbcglobal.net  

Laboratory analysis of field samples 

*Note:  The LimnoTech field manager and Project Engineer/Scientists change depending on staff 
availability at the time of field sampling.   

The roles and responsibilities presented in Table 1 are further described below. 

Illinois EPA Supervisor.  The IEPA supervisor is responsible for the ensuring compliance with the 
overall goals of the project and will review and approve all work products. 

Illinois EPA Quality Assurance Officer.  The IEPA QA officer is responsible for reviewing and 
approving the QAPP, to ensure the project will produce quality results that meet the goals of the 
project.  

LimnoTech Project Administrator/Quality Assurance Officer.  The LimnoTech project 
administrator/QA officer is responsible for the overall administration and ensuring staff availability 
for the project.  As part of the quality assurance and quality control (QA/QC) responsibilities, the 
project administrator will:   

 Provide for overall direction of project objectives and activities;  
 Provide for QA/QC management of all aspects of the project within the stated scope of 

responsibility;  
 Approve reports and other materials for release to members of the project team and other 

external organizations.  

LimnoTech Project Manager. The LimnoTech project manager is responsible for maintaining a 
clear definition of and adherence to the scope, schedule, and budget of the project.  As a part of this 
responsibility, the project manager will:   
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 Serve as the communication link with the project team members and client;   
 Direct all work performed by the organization and its subcontractors;  
 Perform final review of field data reductions, report submittals, and presentations; 
 Assure corrective actions are taken for deficiencies noted during project activities; 
 Maintain budgetary and schedule surveillance of the work.   

LimnoTech Field Manager. The LimnoTech field manager will be a project engineer or scientist 
and is responsible for implementing field activities, initial data acquisition, health and safety aspects 
of field activities, and for the proper selection and execution of procedures that have been accepted for 
use in the investigation.  As part of the QA/QC responsibilities, the field manager will: 

 Supervise project engineers/scientists executing data gathering tasks; 
 Supervise the collection of samples so that sampling remains representative of actual field 

conditions; 
 Supervise the regular maintenance of equipment to prevent unnecessary equipment failures 

and project delays caused thereby; 
 Review the effectiveness of procedures and suggest changes that will enhance or more 

efficiently accomplish the objectives of the investigation; 
 Prepare and review field data reductions, reports, submittals, and presentations to assure that 

data and conclusions accurately reflect observed conditions in the field; 
 Assist in the maintenance of budgetary and scheduling surveillance. 
 Communicate with the Brighton Analytical Laboratory Director regarding arrival of samples 

and laboratory analysis. 

LimnoTech Project Engineer/Scientist. The assistant project engineer/scientist is responsible 
for the assisting in the implementation of field activities, initial data acquisition, health and safety 
aspects of field activities, and for the proper selection and execution of procedures that have been 
accepted for use in the investigation.  As part of the QA/QC responsibilities, the assistant project 
engineer/scientist will: 

 Perform data gathering and compilation tasks; 
 Assist in reviewing the effectiveness of procedures and suggest changes that will enhance or 

more efficiently accomplish the objectives of the investigation;  
 Assist in the collection of samples so that sampling remains representative of actual field 

conditions;   
 Perform regular maintenance and calibration of equipment to prevent unnecessary 

equipment failures and project delays caused thereby; 
 Assist in the preparation and review of field data reductions, reports, submittals, and 

presentations to assure that data and conclusions accurately reflect observed conditions in 
the field.   

Brighton Analytical Laboratory Director. The laboratory director will ensure strict adherence to 
all protocols in the QAPP, will direct the Brighton Analytical technical staff, and notify the LimnoTech 
project manager in advance of any deviations to QA protocols, and will work with the LimnoTech 
project manager to resolve any laboratory QA/QC issues. 

Brighton Analytical Laboratory Technical Staff. The laboratory technical staff will: 

 Perform analytical procedures; 
 Supply sampling containers and shipping cartons; 
 Maintain laboratory custody of samples; and 
 Strictly adhere to all protocols in the QAPP. 
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1.3. Problem Definition/Background (A5) 

The project activities associated with this QAPP will include surface water sampling activities to 
provide data that will be used to support development of TMDLs for impaired water bodies in the 
Upper Big Muddy River watershed. 

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters and identify 
them on a list, which is referred to as the 303(d) list. The State of Illinois has finalized the 2012 
303(d) list (IEPA, 2012), which is available on the web at 
http://www.epa.state.il.us/water/tmdl/303d-list.html. The Clean Water Act requires that a TMDL be 
completed for each pollutant listed for an impaired water body. TMDLs are prepared by the States 
and submitted to the U.S. EPA for approval. In developing the TMDL, a determination is made of the 
greatest amount of a given pollutant that a water body can receive without exceeding water quality 
standards and designated uses, considering all known and potential sources. The TMDL also takes 
into account a margin of safety, which reflects scientific uncertainty, as well as the effects of seasonal 
variation.  

As part of the TMDL process, the Illinois Environmental Protection Agency (IEPA) and several 
consultant teams compiled, reviewed and evaluated the sufficiency of available data to support TMDL 
development for the Upper Big Muddy River watershed. The data review included: 

 confirmation of the impairments identified on the 303(d) list,  
 further identification of potential sources causing these impairments,  
 identification, description and recommendations for methodologies, procedures and/or 

models to be used in the development of TMDLs, and 
 recommendations for additional data needed to support the modeling, where necessary, along 

with general data collection plans  

The additional data collection work approved by Illinois EPA is presented and described in the 
following subsection of this QAPP. 

1.4. Project/Task Description (A6) and Schedule 

Monitoring will be conducted within the Upper Big Muddy watershed in southern Illinois. Table 2 
summarizes the scope of work. The sampling sites and coordinates are presented in Table 3 and 
depicted on Figures 1 and 2. All sampling activities will be conducted in accordance with standard 
operating procedures (SOPs) presented in Appendix A.  

Stream Surveys.  Stream sampling surveys will be conducted during low to medium flow 
conditions, as specified in Table 2. Survey deployment decisions will be based on real-time 
streamflows at United States Geological Survey (USGS) gages in or near the watershed. Low to 
medium flow surveys will be targeted for dry conditions and periods when the real-time streamflow of 
the nearest gage is in the vicinity of the 20th percentile flow value, based on the period of record data.  
If necessary, low to medium flow surveys may be conducted at slightly higher flows, when the real-
time streamflows are in the vicinity of or less than the 50th percentile flow value.  Tributary 
monitoring will be conducted if the tributaries are flowing.  The USGS gages and daily mean flow 
statistics are presented in Table 4. 
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Surface Water Quality Sampling. Water quality grab samples and water quality measurements 
will be collected at mid-stream or at the location where maximum flow is observed, where safely 
practicable. Grab samples will be collected from bridges, where possible, preferably using weighted 
bottle, dip or direct samplers attached to a pole or a line. Sampling equipment will be decontaminated 
between locations using a river water rinse followed by a triple deionized water rinse following the 
SOP for Equipment Cleaning presented in Appendix A. Water quality samples will be stored in an iced 
cooler prior to and during overnight express shipment to the analytical laboratory following strict 
chain-of-custody procedures as specified in the Sample Handling, Packing and Shipping SOP 
presented in Appendix A. The samples will be analyzed for five day carbonaceous biochemical oxygen 
demand (cBOD5), ammonia (NH3), nitrate (NO3), total kjeldahl nitrogen (TKN), total phosphorus 
(TP) and ortho-phosphorus (oP) as specified for the different watershed surveys in Table 2. 

Surface Water Measurements. Field water quality measurements (i.e., water temperature, 
dissolved oxygen (DO)) will be recorded using instruments (e.g., YSI or Hydrolab meters) that are 
calibrated daily in accordance with manufacturer recommendations. Channel morphometry/stream 
depth, and water velocity measurements will be conducted in accordance with the SOP for Surface 
Water Flow Measurements in Appendix A. Locations will be selected for channel 
morphometry/stream depth and water velocity measurements based on two factors:  1) is it a good 
site for flow calculation; and 2) are the sites spaced out throughout the watershed.  Sediment oxygen 
demand (SOD) and continuous DO measurements (or morning and afternoon DO measurement) will 
be conducted in accordance with the SOPs for Sediment Oxygen Demand Measurements and Field 
Water Quality Measurements, respectively, presented in Appendix A.  Locations for SOD 
measurements will be selected in the field, and will be representative of conditions in the river. 

Schedule. An example schedule for implementation of data collection activities is presented in Table 
5. Field activities will commence within two weeks after Illinois EPA communicates approval of the 
QAPP and approval to proceed, subject to the sampling requirements (i.e., discharge level and 
precipitation conditions) being met for each watershed. It is anticipated that all dry weather low or 
medium flow events will be conducted before the fall wet weather season.  Available USGS surface 
water discharge gages in or near the watersheds will be monitored to determine the occurrence of 
appropriate flow levels for field deployment. The schedule will be updated as necessary and will be 
used by the Project Manager to review overall progress of the project.  

 

Table 2.  Scope of Work, Upper Big Muddy Watershed 

Waterbody Name & Segment  Sampling Station ID  Work Description 

Middle Fork Big Muddy River  

Segment IL_NH‐06 

3 locations 

 NH‐06 

 NH‐23 

 NH‐24 

2 low‐to‐medium flow surveys to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

 
1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_NH‐06) 

 TKN at NH‐24 
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Waterbody Name & Segment  Sampling Station ID  Work Description 

Middle Fork Big Muddy River  

Stream Segment IL_NH‐07 

3 locations 

 NH‐07 

 NH‐08 

 NH‐21 

 

1 low‐to‐medium flow survey to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

 

1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_NH‐07) 

 TKN at NH‐07 

Andy Creek  

Segment IL_NZN‐13 

3 locations 

 NZN‐12 

 NZN‐15  

 unnamed location 

near mouth. 

2 low‐to‐medium flow surveys to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

 

1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_NZN‐15) 

 TKN at unnamed location near mouth 

Big Muddy River  

Segment IL_N‐17 

3 locations 

 N‐17 

 N‐18 

 N‐19 

 

1 low‐to‐medium flow survey to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

 

1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_N‐17) 

 TKN at N‐19 

Hurricane Creek 

Segment IL_NF‐01 

1 location 

 NF‐01 

1 low‐to‐medium flow survey to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

Pond Creek 

Segment IL_NG‐02 

4 locations  

 NG‐01 

 NG‐02 

 NG‐03 

 NG‐05 

1 low‐to‐medium flow survey to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_NG‐02) 

 TKN at NG‐01 
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Waterbody Name & Segment  Sampling Station ID  Work Description 

Lake Creek 

Segment IL_NGA‐02 

 

3 locations 

 NGA‐01 

 NGA‐02 

 NGA‐JC‐C1 

1 low‐to‐medium flow survey to measure:  

 CBOD5, ammonia, nitrate, total 

phosphorus, ortho‐phosphorus 

 DO, temperature, channel morphometry, 

velocity, depth and flow 

1 low‐to‐medium‐flow survey to measure: 

 SOD and continuous DO (at 1 location in 

segment IL_NGA‐02) 

 TKN at NGA‐01 

 

Table 3.  Sampling Locations 

Stream  Access  TMDL  
Station ID 

Longitude  Latitude 

Upper Big Muddy River Watershed 

Mid Fork Big Muddy  Deering Road/Co. Hwy. 5  NH‐06  ‐88.89984  37.9492 

Mid Fork Big Muddy  Illinois State Hwy. 34  NH‐23  ‐88.86243  37.98601 

Mid Fork Big Muddy  Unnamed lane west of Deering Road/Co. 

Hwy. 5 at W. Neal Rd 

NH‐24  ‐88.92182  37.92129 

Mid Fork Big Muddy  Macedonia Road/Co. Hwy. 18/Co. Hwy 

34 

NH‐08  ‐88.70546  38.06443 

Mid Fork Big Muddy  N. Thompsonville Road/Co. Hwy. 17  NH‐21  ‐88.76022  38.04862 

Mid Fork Big Muddy  Bessie Road/Co. Hwy. 2  NH‐07  ‐88.81642  38.02531 

Andy Creek  Satch Road  NZN‐15  ‐89.025722  37.990222 

Andy Creek  Park Street Rd/Co. Hwy. 37  NZN‐12  ‐89.0395556  38.0236111 

Andy Creek  Forest cut/path north of Yellow Banks 

Road/Co. Hwy. 11 and west of Big 

Muddy River 

No previous 

ID 

‐89.00024077  37.95960821 

Big Muddy River  Cambria Road/Co. Hwy. 9  N‐17  ‐89.1295  37.81761 

Big Muddy River  Pump Station Road/Lane  N‐18  ‐89.10472  37.86389 

Big Muddy River  Unnamed lane north of Clifford Road at 

Big Muddy Road 

N‐19  ‐89.07769  37.84137 

Hurricane Creek  N. Bend Road  NF‐01  ‐89.09622  37.8211 

Pond Creek  Illinois State Hwy. 148  NG‐01  ‐89.05473  37.84728 

Pond Creek  Freeman Spur Road  NG‐03  ‐89.0102  37.85276 

Pond Creek  Illinois State Hwy. 37  NG‐02  ‐88.93162  37.88491 

Pond Creek  Liberty School Road  NG‐05  ‐88.835472  37.859722 

Lake Creek  Stiritz Road  NGA‐01  ‐89.00055  37.83961 

Lake Creek  Binkley Road  NGA‐02  ‐88.92765  37.80754 

Lake Creek  Prosperity Road/Co. Hwy. 1  NGA‐JC‐C1  ‐88.9420944  37.8116972 

*Note that sampling locations may be changed if accessibility if the locations in Table 3 are inaccessible or 
located on private property, to avoid trespassing.
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Figure 2.  Upper Big Muddy River Watershed Sampling Locations (Northern Watershed) 
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Figure 3.  Upper Big Muddy River Watershed Sampling Locations (Southern Watershed) 
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Table 4.  USGS Gage Streamflow Statistics 

Watershed  Nearest USGS 
Gage 

USGS Gage 
Number 

Monthly 20th 
Percentile Flow 

(cfs) 

Monthly 50th 
Percentile Flow  

(cfs) 

Monthly 80th 
Percentile Flow 

(cfs) 

Big Muddy  Big Muddy River at 

Pumfield, IL 

05597000  Jul  107 

Aug   63 

Sep   50 

Oct   38 

Jul  347 

Aug   171 

Sep   89 

Oct   54 

Jul  647 

Aug   365 

Sep   206 

Oct   148 

Percentile values calculated from USGS website daily mean streamflow values for the period of record 
(Calculation Period 1970‐10‐01 ‐> 2013‐09‐30) 
The USGS real‐time streamflow values for this gage can be accessed at the following URL: 
http://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=05597000 

 

Table 5.  Schedule 

Event  Week 1 Week 2 Week 3 Week 4 Week 5  Week 6 Week 7

Approval to proceed from IL‐EPA   X             

Upper Big Muddy River               

Survey 1 ‐ low/medium flow               

Survey 2 ‐ low/medium flow               

*This schedule is approximate, and contingent upon QAPP approval and appropriate flow conditions for 
sampling. 

1.5. Quality Objectives and Criteria (A7) 

A summary of the minimum measurement criteria and data quality objectives (DQOs) are presented 
in Table 6.  

Precision 

Precision is a measure of agreement among repeated measurements of the same property under 
identical, or substantially similar, conditions; calculated as either the range or as the standard 
deviation. Precision may also be expressed as a percentage of the mean of the measurements, such as 
relative range or relative standard deviation (coefficient of variation). 

Precision will be measured in the laboratory during the analysis of matrix spike and matrix spike 
duplicate samples. A replicate aliquot will be analyzed for cBOD5 to assess precision instead of a 
spiked duplicate. 

The analyses of the duplicate samples are considered acceptable if the calculated relative percent 
difference (RPD) of the measurements is within the acceptance limits listed in Table 6. 

The results of the duplicate analyses are used to calculate the RPD for evaluating precision using the 
following formula: 

RPD = [(A – B) / (A + B)/2] *100 

where: 
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A = Original sample concentration 

B = Duplicate sample concentration 

Bias 

Bias is the systematic or persistent distortion of a measurement process that causes errors in one 
direction. 

Accuracy 

Accuracy is a measure of the overall agreement of a measurement to a known value. Accuracy includes 
a combination of random error (precision) and systematic error (bias) components that are due to 
sampling and analytical operations. 

Accuracy will be measured during the analysis of environmental water by using laboratory control 
spike (LCS) samples. In the laboratory, samples of deionized water will be fortified (or spiked) with 
the analytes of interest. These LCS samples will be analyzed with each batch of samples. The analyses 
of the LCS samples are considered acceptable if the calculated concentrations for all analytes of 
interest are within the acceptance limits listed in Table 6. 

The results of the spiked samples are used to calculate the percent recovery for evaluating accuracy 
using the following formula: 

Percent Recovery = [(S ‐ U) / T] * 100 

where 

S = Spiked sample concentration 

U = Unspiked sample concentration 

T = True spike concentration 

Representativeness 

Representativeness is the measure of the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. 

Representativeness of data will be ensured using established field and laboratory procedures and their 
consistent application. To aid in the evaluation of the representativeness of the sample data, field 
blank samples (including equipment rinse blank) and laboratory method blank samples will be 
evaluated for the presence of contaminants. 

Comparability 

Comparability is a measure of the confidence with which one data set or method can be compared to 
another.  

Comparability will be maximized by using standard analytical methods and standardized, 
documented sampling techniques. Documentation will include all sampling locations, conditions, and 
field sampling methods. All results will be reported in standard units or, for field parameters, as 
defined in the method. All laboratory calibrations will be performed using standards traceable to the 
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National Institute for Standards and Technology (NIST) or another certified reference standard 
source. 

Completeness 

Completeness is a measure of the amount of valid data needed to be obtained from a measurement 
system. 

The percent completeness is calculated by dividing the number of valid sample results by the total 
number of samples planned, and multiplying the result by 100 percent. Completeness will be reported 
as the percentage of all measurements judged valid. The following equation will be used to determine 
completeness: 

Percent Completeness = (V/T) * 100 

where 

 V = Valid number of sample results 

 T = Total number of samples planned 

For this project, the QA objective for degree of completeness for both field and laboratory data is 90 
percent.  If completeness is less than the target of 90 percent the Project Administrator/Quality 
Assurance Officer will evaluate the data to determine whether there are enough data to complete the 
study or if additional data collection is necessary. 

Sensitivity 

Sensitivity is the capability of a method or instrument to discriminate between measurement 
responses representing different levels of the variable of interest. 

Analytes measured for this project may be present in analytically low concentrations throughout the 
steams.  All analytes are subject to chemical, biological, and physical processes that will alter their 
presence in the streams.  It is the intent of this project to employ methods of measurements that will 
detect and quantify all analytes of interest wherever possible. 

Although there are many intended and potential uses of the data, minimum measurement criteria will 
be established at the lowest analyte concentration required for planned uses of the measurement data.  
Minimum measurement criteria are State of Illinois water quality standards for general use waters 
where applicable.  Where no minimum measurement criteria can be identified, the water samples will 
be analyzed to the lowest concentration readily achievable by the laboratory.  The monitored 
parameters and the established minimum measurement criteria are shown in Table 6. 

Table 6 also gives the minimum measurement objectives for the project.  The minimum measurement 
objectives will be set at approximately one-fifth of the minimum measurement criteria shown to 
ensure that analytes will be measured with reasonable accuracy at the minimum measurement 
criteria concentrations, and measured to reasonable levels below the minimum measurement criteria. 

The minimum measurement objective for any analyte will be achieved when the analytical procedure 
selected for sample analysis can be shown to have a method detection limit (MDL) at or below the 
minimum measurement objective. Table 6 compares the minimum measurement objective against 
the reporting limit achieved by Brighton Analytical. All analytes meet the minimum measurement 
objective. 

Analyte MDLs shall be determined by the USEPA method given in the Code of Federal Regulations 
(CFR), Volume 40, Part 136, Appendix B.  The MDL is defined as “the minimum concentration of a 
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substance that can be measured and reported with 99% confidence that the analyte concentration is 
greater than zero and is determined from analysis of a sample in a given matrix containing the 
analyte.” Since the MDL procedure is based upon precision obtained for a standard greater than the 
MDL, it also is a measure of method sensitivity at concentrations near the MDL. 

For analytes without minimum measurements criteria, the minimum measurement objectives will be 
understood to be the MDL level that is readily achievable using analytical methods generally 
employed at the IEPA laboratory.  For parameters where MDLs are not applicable such as 
temperature and dissolved oxygen, the minimum measurement objectives shown in Table 6 are the 
sensitivity to be obtained by the measurement method.  The accuracy, precision, and completeness for 
each parameter are also indicated in Table 6. 
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Table 6.  Measurement Objectives and Criteria 

          MS/MSD *  LCS *   

Parameter 
Minimum 

Measurement 
Criteria 

Minimum 
Measurement 
Objectives 

Method *; 
MDL/Reporting Limit1 

Accuracy 
(% 

recovery) 

Precision 
(RPD) 

Accuracy 
(% recovery) 

Completeness

Dissolved Oxygen  NA  0.1 mg/LS 
Optical sensor; 

0.1 mg/l 
S 

NA  NA  NA  90% 

Water Temperature  NA  0.1 degree CS 
Thermometer; 
0.1 degree C S 

NA  NA  NA  90% 

Ammonia  15.0 mg/LG  3.0 mg/L 
SM4500NH3G; 

0.009 mg/l / 0.01 mg/l 
80‐120%  20%  80‐120%  90% 

Total Kjeldahl 
Nitrogen 

No Standard   
EPA 351.2; 

0.09 mg/l / 0.1 mg/l 
80‐120%  20%  80‐120%  90% 

Nitrate  No Standard   
EPA 300.0 

0.005 mg/l / 0.05 mg/l 
80‐120%  20%  80‐120%  90% 

Total Phosphorus  0.05 mg/LG  0.01 mg/L 
SM4500PE; 

0.008 mg/l / 0.01 mg/l 
80‐120%  20%  80‐120%  90% 

Ortho‐Phosphorus  No Standard   
SM4500PE; 

0.008 mg/l / 0.01 mg/l 
80‐120%  20%  80‐120%  90% 

cBOD5  No Standard   
SM5210B; 
NA / 2 mg/l 

N/A  20%a  N/A  90% 

NA = Not Applicable                SM ‐ Standard Methods of the Examination of Water and Wastewater, 20th Edition 
S     = Required sensitivity       EPA ‐ EPA Methods for Chemical Analysis of Water and Wastes, March 1983  
*     = Limits are subject to change based upon capabilities of the contract lab 
1     = Method Detection Limit (MDL) from SM and EPA. 
G    = State of Illinois General Use Water Quality Standard 
a    = Precision will be evaluated using laboratory replicates rather than MS/MSD 
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1.6. Special Training/Certification (A8) 

A variety of professional staff (engineers, scientists and others) will be involved in this monitoring 
program.  Project staff will be assigned duties based on their qualifications to accomplish the task.  
The Project Manager will determine the appropriateness of an individual to undertake a task.  

The Field Manager will be responsible for ensuring training sessions are carried out for all field staff 
on proper sampling, sample handling and shipping, and general field procedures prior to conducting 
the first sampling event.  Specific emphasis will be placed on QA/QC issues as well as on health and 
safety.  Field staff will receive a safety briefing conducted by Robert Betz of LimnoTech (Field 
Manager supervising sampling activities), with emphasis on field hazards and materials handling. 
Training will also include the operation, maintenance and calibration of field equipment, including 
multi-parameter probes, velocity meters, and all other on-site equipment used throughout the field 
program.  SOPs for program elements will be distributed to appropriate staff and available at all 
times. 

The laboratory will be responsible for training and certifications of laboratory personnel in 
accordance with the laboratory’s quality assurance manual. All laboratory personnel will receive 
appropriate training and have proven proficiency in their designated analytical procedures.  
Laboratory personnel will be provided copies of the appropriate laboratory procedures, which will be 
available at all times. 

1.7. Documents and Records (A9) 

The LimnoTech project manager will ensure that the project team has the most current approved 
version of the QAPP. The project manager is responsible for initiating project files and for overseeing 
maintenance of the files during the course of the project.  All project files will be properly identified by 
client, project name, project code and file description for all appropriate correspondence, 
memoranda, calculations, technical work products, and other project-related data.  In addition, a 
quality assurance file will be maintained containing all QA/QC related information.  A back up of all 
computer files containing important project information will also be maintained.  

Documents generated by field activities may include staff notes, field logs, equipment logs, field on-
site measurement data sheets, field audit reports and chain of custody forms. Documents generated 
by laboratory activities may include QA/QC documentation, laboratory bench sheets, laboratory 
results (expected turn-around time is two weeks from receipt of samples at the laboratory), and 
laboratory audit reports. These documents will be maintained in the project files.  

At the conclusion of the project, all relevant information from the project files and computer disks will 
be archived. Documents will be retained for a minimum period of three years following archiving. 
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2  
Data Generation and Acquisition (Group B) 

The U.S. EPA QAPP Guidance Group B Data Generation and Acquisition elements (B1-B10) are 
addressed below.  

 Sampling Process Design (B1) 2.1

The sampling process design is presented in Sections 1.3 and 1.4 of this QAPP, including sampling 
rationale, locations, media, frequencies, and schedules. 

 Sampling Methods (B2) 2.2

Standard operating procedures (SOPs) will be employed to provide consistency and reproducibility to 
the sampling methods used by field personnel. The following sections present or reference the 
detailed methods for performing sampling activities including related support procedures for 
equipment cleaning, field measurements, and calibration and maintenance of field instruments.  
Sample custody procedures are presented in the Sample Handling and Custody Section of this QAPP.   

2.2.1 Surface Water Sample Collection 

Surface water grab samples will be collected as specified in the Section 1.4 and according to the 
procedures presented in Appendix A.  

2.2.2 Stream Morphometric and Discharge Monitoring 

Stream discharge monitoring will be conducted as specified in Section 1.4 and according to the 
procedures presented in Appendix A. 

2.2.3 Field Water Quality Measurements and Monitoring 

Instantaneous water quality measurements (e.g. temperature and DO) will be collected using field 
instruments according to the procedures presented in Appendix A. In-situ monitoring instruments 
and equipment will be installed in a manner using methods that incorporate the unique requirements 
of specific locations. The main concern will be the security of the instruments, equipment and 
generated data. Maintenance, cleaning and/or data download activities for in-situ instruments will be 
performed at a frequency necessary to assure that representative data are generated and recorded for 
transfer to the project files. 

2.2.4 Cleaning of Equipment and Materials 

All reusable equipment and materials used during the field activities will be cleaned prior to use at the 
site and at specified intervals during the field activities.  Cleaning will be performed according to the 
procedures specified in Section 1.4 and as presented in Appendix A to avoid the introduction of any 
chemical constituents or cross-contamination to the soils or groundwater.  Equipment and materials 
that may be used during the investigation include water and/or sediment sample collection devices. 



Quality Assurance Project Plan    September 2014 
Illinois TMDL Watershed Sampling 

    Page | 18 

Equipment cleaning will be performed using water from a source approved by the project manager. If 
needed, a designated cleaning or decontamination area will be used or constructed so that all water 
generated during cleaning operations will be contained for proper disposal. 

 Sample Handling and Custody (B3) 2.3

Sample handling will be performed so as to collect, store, submit to the laboratory and analyze 
representative samples using methods as specified in Section 1.4 and according to the procedures 
presented in Appendix A. Sample containers, volumes, preservatives and holding times are 
summarized in Table 7. Laboratory sample custody will be performed in accordance with the 
laboratory's Quality Assurance Manual  

 Analytical Methods (B4) 2.4

The following section details aspects of the analytical requirements, ensuring that appropriate 
analytical methods are employed.  Table 6 summarizes the analytical methods to be used by the 
contract laboratory. Table 7 displays the required container type, sample volume, preservation, and 
holding time for each parameter according to the previously referenced methods.  The laboratory will 
provide sample containers from a commercial supplier. All sample containers will be new and pre-
cleaned by the supplier. In addition, the contract laboratory will provide sample labels for each bottle 
and add the required preservative for each parameter, where feasible. 

The analytical data results and intra-laboratory QA/QC results will be submitted by the contract 
laboratory to the Field Manager or other designated contact person within a specified time frame 
from the completion of each sampling event.  

In the event a new contract laboratory needs to be chosen, the LimnoTech project manager will 
contact the IEPA Supervisor to explain the need for a new laboratory and ensure the laboratory is 
capable of providing the services described in this QAPP. 

Table 7.  Guidelines for Sample Container Preparation and Preservation 

Parameter  Container  Recommended 
Sample Volume 

Preservation  Holding Time 

TKN, NH3, TP   Polyethylene  1000 ml  H2SO4, pH<2* 

Cool, < 6° C 

28 days 

NO3, oP  Polyethylene  1000 ml  Cool, < 6° C  48 hours 

CBOD5  Polyethylene or 
Glass 

1000 ml  Cool, < 6° C  48 hours 

*Sample containers with preservative added will be provided by the laboratory  

 

 Quality Control (B5) 2.5

All field operations personnel are responsible for ensuring that proper procedures are followed for 
sample collection and handling, sample preservation, and sample custody of the delivered samples to 
the designated laboratory. If noncompliance issues arise, an investigation and corrective action report 
prepared by the responsible supervising field personnel will be submitted to the Project Manager. The 
accuracy and precision of all data measurements must be quantifiable. Analytical procedures used for 
data analysis must be performed according to approved standard methods. Data measurements 
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should be recorded in a controlled environment in which a quality control program can be 
maintained.  

Field quality will also be assessed through the collection of field duplicate samples and equipment 
rinse blank samples. Field duplicates will be collected at a frequency of one for every group of 10 
samples. Equipment rinse blank samples will be collected at a frequency of one for each day of 
sampling or one for every group of 20 samples. 

The contract laboratory is responsible for implementing its QA/QC Manual, which is an internal 
quality assurance plan for laboratory procedures. The contract lab is responsible for the accuracy and 
reliability of analytical methods and final data reports. If noncompliance issues arise, an investigation 
and corrective action report will be prepared and submitted from the laboratory to the Project 
Manager. The contract lab is responsible for providing data qualifiers and/or case narratives to 
inform the Project Manager of any analytical exceptions that fall outside of routine method protocols. 
Analytical quality control will be performed in accordance with the laboratory QA/QC Manual, the 
specified analytical methods, and as discussed under the Quality Objectives and Criteria Section of 
this QAPP. 

 Instrument/Equipment Testing, Inspection, and Maintenance (B6) 2.6

All field and laboratory instruments/equipment shall be routinely maintained according to 
manufacturer instructions and accepted procedures associated with the selected analytical methods, 
SOPs and the laboratory's QA/QC Manual, as applicable. Field instruments and equipment shall be 
tested and inspected prior to sampling events. An adequate supply of spare parts shall be maintained 
as necessary for equipment maintenance. 

 Instrument/Equipment Calibration and Frequency (B7) 2.7

Calibration procedures for field and laboratory instruments/equipment will follow manufacturer 
instructions and accepted procedures in accordance with the selected analytical methods, standard 
operating procedures (SOPs) for field and laboratory activities and the laboratory's QA/QC Manual, 
as applicable. In order to maintain field precision and accuracy, field instruments will be calibrated to 
known standards. DO meter and continuous DO sondes will be calibrated to saturated air per 
manufacturer’s instructions (see sections III and IV of Field Water Quality Measurements SOP in 
Appendix A).  

Calibration frequency and preventative maintenance of field analytical equipment will be conducted 
according to the SOPs (see sections III and IV of Field Water Quality Measurements SOP in Appendix 
A). Laboratory instrumentation and equipment will follow manufacturer instructions and accepted 
procedures associated with the selected analytical methods, the laboratory’s Standard Analytical 
Procedures (SAPs) (Appendix B) and Quality Assurance Manual (Appendix C). 

 Inspection/Acceptance of Supplies and Consumables (B8) 2.8

All supplies and consumables for field and laboratory activities will be inspected by the field 
operations teams and laboratory managers, respectively, to guarantee their usability. Supplies or 
consumables found to be deficient for the needs of the project will not be used.  

 Non‐direct Measurements (B9) 2.9

Non-direct measurements will not be used in implementation of the monitoring program. 



Quality Assurance Project Plan    September 2014 
Illinois TMDL Watershed Sampling 

    Page | 20 

 Data Management (B10) 2.10

Data generated through field and laboratory activities will be used for developing models and reports.  
Reporting formats will vary depending on the purpose for which the data has been assembled, but will 
include such items as field books, field calibration and measurement records, electronic data 
downloaded from field instruments, laboratory analytical results and QC reports.  The Project 
Manager or designee has the responsibility of maintaining all documents and data generated during 
field programs and received from the laboratory.  The Laboratory Technical Director has the same 
responsibility for laboratory data and information.   

Field and laboratory documents will be kept in the project files. All electronic files will be backed up 
on a regular basis.  At the conclusion of the project all relevant information, project files and 
electronic data will be turned over to the Project Manager. Paper and electronic files will be retained 
for a minimum period of three years following archiving. 
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3  
Assessment and Oversight (Group C) 

The U.S. EPA QAPP Guidance Group C Assessment and Oversight elements are addressed in this 
section. 

 Assessment and Response Actions (C1) 3.1

Internal quality control checks will be performed to ensure the field and laboratory generated 
measurements meet the project quality assurance objectives.  

The LimnoTech Field manager is responsible for evaluating whether the sampling protocol is being 
followed. In addition the LimnoTech Project Manager will perform quality control checks on sample 
field data, including independent assessment of data entry and analyses. Quality control and 
noncompliance issues related to field activities will require an investigation and corrective action 
conducted under the supervision of the Project Manager. 

The contract laboratory shall maintain internal quality assurance programs described in their quality 
assurance plans. When the possibility of quality control problems or noncompliance issues arise that 
may affect the usability of data, an investigation and corrective action will be conducted by the 
Laboratory Director and communicated to the Project Manager. 

 Reports to Management (C2) 3.2

Periodic summary reports will be prepared by the Project Engineer in charge of Quality Assurance, if 
necessary, to inform the Project Manager of the project status.  The reports will include: 

 Periodic assessment of measurement data accuracy, precision, and completeness; 
 Results of performance audits and/or systems audits; 
 Significant Quality Assurance/Quality Control problems and recommended corrective action;  
 Status of corrective action implementation to any problems previously identified. 

 

  



Quality Assurance Project Plan    September 2014 
Illinois TMDL Watershed Sampling 

    Page | 22 

This page is blank to facilitate double sided printing. 
 
 



Quality Assurance Project Plan    September 2014 
Illinois TMDL Watershed Sampling 

    Page | 23 

4  
Data Validation and Usability (Group D) 

The U.S. EPA QAPP Guidance Group D Data Validation and Usability elements are addressed in this 
section.  The purpose of these elements is to determine if the data meet the project’s Data Quality 
Objectives (validation) and to evaluate the data against the method, procedural and/or contractual 
requirements (verification).  Data validation, verification, and usability assessment will be conducted 
as outlined in this QAPP. 

The data generated from the sampling program will be subjected to a multi-tiered review process 
described below.  This process includes: 

 A review of the data at the bench and field levels; 
 A secondary review of field records by the Field Manager and analytical results within the 

laboratory by the lab QA/QC Manager to verify the data against method and SOP 
requirements; 

 A review of the verified data by the Project Manager or designee for reasonableness and to 
identify obvious data anomalies; 

 A validation by an objective third party, if necessary; and 
 An assessment of the data by project team members for its usability to meet the project goals. 

 Data Review, Verification and Validation (D1) 4.1

All environmental measurement data collected by project staff will be subjected to quality control 
checks before being utilized in the interpretive reporting. A data generation system that incorporates 
reviews at several steps in the process is designed to protect the integrity of the data and reduce the 
number of data that do not meet the Data Quality Objectives (DQOs) or the project goals.  This 
section describes the requirements of each review step that will be used in this project. 

4.1.1 Data Verification Requirements  

Data verification will occur at the field and laboratory level.  This section describes the requirements 
of the data verification. 

Field Activities Data Verification.  The field personnel will be responsible for ensuring that the 
samples are collected and handled according to the specified procedures. Sample collection 
verification will include confirming that the samples were collected with the proper equipment at the 
appropriate locations with the appropriate frequency.  Sample handling verification will include 
confirming that the samples were stored in the appropriate containers with the correct preservative, 
that the samples were stored at the proper temperature during transport from the field to the 
laboratory, and that all of the appropriate information is logged on the chain-of-custody records. 

Lab Activities Data Verification.  The laboratory will be responsible for verification of laboratory-
generated data, although the laboratory SOPs for each method may require some components of the 
verification to also be conducted at the bench level. Laboratory verification will include assessing that 
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the procedures used to generate the data are consistent with the method requirements as specified in 
the laboratory’s SOPs and that the QA/QC requirements for each method are met. Examples of 
method requirements include verifying the calibration and data reduction procedures. However, these 
requirements vary by analyte and are presented in more detail in the laboratory QA/QC Manual.  

4.1.2 Data Review Requirements 

The Field Manager will perform data reviews that consist of screening the field data sheets and 
laboratory data sheets according to established criteria listed in this section. If the established 
screening criteria are not met, an additional review of available laboratory data (e.g., quality control 
checks, relevant laboratory bench sheets) may be conducted. Investigation of the issue will be 
documented and the data will be discarded or flagged appropriately, identifying the limitations of the 
data.  

Field Data Sheet Reviews.  The following criteria may be used to screen the physical parameter 
measurements recorded by the field crews: 

 temperature readings – check for reasonableness of values 
 dissolved oxygen readings –compare concentrations to percent saturation  

Laboratory Data Sheet Reviews.  The following criteria will be used to screen the analytical 
measurements performed by the contract laboratory: 

 field blanks (including equipment rinse blanks) –values should be less than detection limits 
 laboratory method blanks –values should be less than detection limits 
 review of all analytical results – check for reasonableness of values 

4.1.3 Data Validation Requirements 

Data validation is typically performed by someone independent of the project activity and not 
associated with the organization responsible for producing the dataset. However, the data validator 
needs to be familiar with both the data validation requirements and the project objectives. A 
scientist/engineer not directly involved in the project administration, project management, field or 
laboratory operations will conduct the data validation. There are four requirements in the data 
validation process as follows: 

 Inspect the data verification and review records to ensure that no oversights were made 
during that process. 

 Evaluate the data against the project DQOs. If data do not meet one or more of the DQOs, the 
data validation process will include an investigation into causes and an assessment of the 
impact of the noncompliant data on project objectives.  

 Evaluate the data in the context of the project’s overall objectives.  
 Communicate the data validation results to the rest of the project team. 

 Verification and Validation Methods (D2) 4.2

All environmental measurement data and samples collected by project staff will be subjected to 
quality control prior to being entered into the project database. This is a multi-step process where the 
laboratory QA/QC Manager will have primary responsibility for verifying the data and a third party, 
preferably one who is not involved in data collection or analysis, conducts the data validation. These 
steps are described in more detail in the following sections.   
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4.2.1 Data Verification 

This section describes the procedures that will be utilized in this project for verifying the data against 
method, procedural and/or contractual requirements. 

Field Activities Data Verification.  Individual crew leaders will verify the completion of their field 
data sheets and chain-of-custody forms. In addition, crew leaders will also verify the proper 
calibration and operation of their multi-parameter instruments. At the completion of each monitored 
event, the Field Manager will review all field data sheets, calibration sheets, and chain-of-custody 
forms for accuracy and completeness. The Field Manager will also verify that monitoring QA 
objectives for all accuracy, precision, completeness, and adherence to the required collection 
techniques are being met. 

Laboratory Analytical Results Verification.  Individual analysts will verify the completion of 
the appropriate analytical test and required bench sheets.  The laboratory Technical Director or 
designee will review calculations and inspect laboratory bench sheets and log books daily to verify 
their accuracy, completeness, and adherence to the specified analytical method protocols.  Calibration 
and QC data will be examined daily by the individual analyst. The laboratory Technical Director or 
designee will verify that all instrument systems are operating within control limits and that QA 
objectives for accuracy, precision, completeness, and adherence to the required detection limits are 
being met. 

A summary of reportable QA/QC results and any non-conformance issues will be included in the 
laboratory deliverable to the Field or Project Manager. 

4.2.2 Data Validation 

This section describes the process that will be used to validate the data generated for this project. The 
first requirement is to inspect the data verification results and review records to ensure that no 
oversights were made during that process.  A complete set of field and laboratory information will be 
provided to the data validator for this task.  

The primary objective of the data validation in this project is to evaluate the data conformance with 
the project DQOs. These DQOs include criteria for accuracy, precision, completeness, and compliance 
with required detection limits. The components described under the Data Management Section of this 
QAPP will provide the necessary information to make this evaluation. The following must be reviewed 
as part of the measurement data and analytical data validation activities: 

 field measurement data, 
 field sample collection information, 
 sample custody records, 
 laboratory analytical results, 
 data review information and/or laboratory case narrative, 
 quality control data. 

The data validator will be a LimnoTech environmental engineer or scientist, and will conduct a 
systematic review of the data for compliance with the established quality control criteria based on 
field duplicate, laboratory replicate, spiked sample media, spiked laboratory control samples, and 
blank data results provided by the laboratory.  In addition, quality assurance evaluations of data 
accuracy, precision, and completeness will be performed on the field measurement data and the 
laboratory analytical results for each monitored event. The data validation qualifiers listed in Table 8 
will be used when validating the data: 
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Table 8.  Data Validation Qualifiers 

Qualifier  Definition 

U  The material was  analyzed  for,  but was  not  detected  above  the  level  of  the  associated  value.    The 
associated value is either the sample quantitation limit or the sample detection limit. 

J  The associated value is an estimated quantity. 

R  The data are unusable (note: analyte may or may not be present) 

UJ  The material was analyzed for, but was not detected.  The associated value is an estimated level. 

If quality control checks or objectives were not met, an investigation of the non-conformance may be 
initiated by the data validator with the project team personnel, such as the Field Manager, the 
laboratory QA/QC Manager, and the Project Manager.  The non-conformance will be documented and 
the affected data set will be flagged appropriately, identifying any limitations. 

Another objective of the data validation is to evaluate the data within the context of the project goals.  
These goals include providing datasets that can be used to develop model inputs, to calibrate and 
validate the models, and to ensure consistency among different sources of data. Suitable datasets for 
the modeling portion of this project will be based on the data quality assessment described above as 
well as an assessment of the spatial and temporal extent of the sample collection. Comparability with 
other sources of data will be evaluated by comparing and, if necessary, plotting the data with 
previously collected data to identify outliers or anomalous values. 

The data validation results will be communicated to the project team in the form of a summary table 
that lists the validation tasks and the associated results and conclusions.  If the validated dataset 
includes non-compliant data, this data will be addressed in a memo that accompanies the summary 
table. Data qualifiers assigned to the data during validation will be maintained in the project database 
to ensure communication of validation results with current and future data users.  

 Reconciliation with User Requirements (D3) 4.3

Once all field measurements and analytical data have been reviewed, quality control measures 
assessed, and any problems addressed, the measurement and analytical data will be assessed by the 
Project Manager or designee. 

The assessment of the information generated from the monitoring program will be initiated by 
entering all analytical data and field measurement data into the project database.  Other data (such as 
precipitation, flow data, velocity data, stage data, field notes, and information on any sampling 
anomalies) may be appended.  All of these data will be evaluated and any relationships or correlations 
will be noted.  The compilation of all information surrounding a sampling and/or monitoring event 
will be available to facilitate reconciliation with user requirements.   
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Standard Operating Procedures for Field Activities 
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I.  Introduction 

This standard operating procedure (SOP) is applicable to the collection of representative 
liquid samples, both aqueous and non-aqueous, from streams, rivers, lakes, ponds, 
lagoons, and surface impoundments. It includes samples collected from depth, as well as 
samples collected from the surface. These typically applicable procedures have been 
adapted from the U.S. EPA Environmental Response Team Surface Water Sampling SOP 
No. 2013, dated 11/17/94 and may be varied or changed as required, dependent upon site 
conditions or equipment and procedural limitations. The actual procedures used should be 
documented in the field notes, especially if changes are made. 
 
There are two primary interferences or potential problems with representative surface 
water sampling. These include cross contamination of samples and improper sample 
collection. Following proper decontamination procedures and minimizing disturbance of 
the sample site will eliminate these problems as follows: 

 Cross contamination problems can be eliminated or minimized through the use of 
dedicated sampling equipment. If this is not possible or practical, then 
decontamination of sampling equipment is necessary. Refer to the Equipment 
Cleaning SOP. 

 Improper sample collection can involve using contaminated equipment, disturbance 
of the stream or impoundment substrate, and sampling in an obviously disturbed area. 

 
In order to collect a representative sample, the hydrology and morphometry of a stream 
or impoundment should be determined prior to sampling. This will aid in determining the 
presence of phases or layers in lagoons or impoundments, flow patterns in streams, and 
appropriate sampling locations and depths. In addition, water quality indicator data may 
be collected, if necessary, in impoundments to determine if stratification is present. 
Measurements such as dissolved oxygen, pH, temperature, and redox potential can 
indicate if strata exist which would affect analytical results. Measurements should be 
collected at sufficiently sized intervals (e.g., 1 meter) from the substrate to the surface 
using the appropriate instrument (e.g., Hydrolab). 
 
II.  Materials 
The following materials shall be available, as required, during surface water sampling. 
Back-up field instruments/equipment should be available, if required. 

 Personal protective equipment (as necessary); 
 Cleaning equipment (as required in the Standard Operating Procedure for Equipment 

Cleaning); 
 Appropriate sampling apparatus and accessories (e.g., Kemmerer, weighted bottle, or 

Dip sampler, sample containers, sampling line, weights, messengers); 
 Appropriate sample bottles, preservatives (if required) and sample bottle labels; 
 ZiplocR-type bags; 
 Insulated coolers, ice, and appropriate packing material; 
 Chain of Custody records and custody seals; 
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 Field data sheets, field log book, waterproof pen, camera and film; 
 Decontamination equipment; 
 Maps/plot plan, survey stakes/flags/buoys and anchors; 
 
III.  Preparations 
 Determine the extent of the sampling effort, the sampling methods to be employed, 

and the types and amounts of equipment and supplies needed. 
 Obtain the necessary sampling and monitoring equipment to suit the task. Consider 

sample volume, depth, deployment circumstances (shore, wading, boat, currents), 
type of sample, sampler composition materials, and analyses to be conducted. 

 Decontaminate or pre-clean equipment and ensure that it is in working order. 
 Prepare scheduling and coordinate with staff, clients, and regulatory agency, if 

appropriate. 
 Perform a general site survey. 
 Use stakes, flagging, or buoys to identify and mark all sampling locations. If required, 

the proposed locations may be adjusted based on site access, property boundaries, and 
surface obstructions. If also collecting sediment samples, this procedure may disturb 
the bottom and cause interferences with collection of representative water samples. 

 
IV.  General Sample Collection Procedures 

1. Record pertinent data on the field log (see attached Surface Water Sampling Field 
Log, or equivalent). 

2. Label all sample containers with the date, time, site location, sampling personnel, and 
other requested information. 

3. Don appropriate personal protective equipment (as necessary). 

4. For fecal coliform bacteria samples, use a sterile sample bottle and store the bottle 
cap in a sterile plastic bag to prevent contamination during sampling. 

5. Clean all sampling equipment prior to sample collection according to the procedures 
in the Standard Operating Procedure for Equipment Cleaning.  

6. At designated surface water sampling locations, thoroughly rinse the sampler in the 
water body prior to collecting the first sample. 

7. For samples requiring field filtering, use a pump and in-line disposable filter, if 
possible to collect the sample directly into the sample container. 

8. If field preservation is required, place appropriate preservative into the sample 
container prior to sample collection.  Note the preservative and preservative column 
on the sample container and sampling log. 

9. If any quality control samples are specified, they will be collected in the following 
manner: 

 Duplicate samples should be collected at the same time or immediately following one 
another in accordance with the above procedures. If blind duplicate samples are 
specified, one of the duplicate samples should be labeled so that it does not identify 
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the other sample of the duplicate pair to the laboratory on the chain-of-custody 
(COC). For example, one sample of the duplicate pair would be labeled following the 
normal protocol, while the second would be labeled with a sample ID of 
“DUPLICATE” and a blank line placed in the location, date and time boxes of the 
sample label. It is important that the duplicate pair samples are identified separately in 
the field notes with information including location, sample ID (as entered on the 
sample container label and COC), sample date and time so that analytical results can 
be paired after received from the laboratory. 

 Rinse (or equipment) blanks should be collected from a final distilled/deionized water 
rinse of the specified sampling equipment after that piece of equipment has been 
cleaned in accordance with appropriate specified cleaning procedures. 

 Field blanks, such as samples of water or reagents used to clean sampling equipment, 
should be collected directly into the sample bottle from the appropriate source 
container. 

10. Record sample collection information on the field log and store the samples in an iced 
cooler as described in the Standard Operating Procedure for the Shipping and 
Handling of Samples. 

11. Handle, pack, and ship samples according to the procedures in Standard Operating 
Procedure for the Shipping and Handling of Samples. 

V.  Equipment-Specific Sample Collection Procedures 

Kemmerer Bottle. A Kemmerer bottle may be used in most situations where site access 
is from a boat or structure such as a bridge or pier, and where samples at depth are 
required. Sampling procedures are as follows: 

1. Use a properly cleaned Kemmerer bottle. Set the sampling device so that the 
sampling end pieces (upper and lower stoppers) are pulled away from the sampling 
tube (body), allowing the substance to be sampled to pass through this tube. 

2. Lower the pre-set sampling device to the pre-determined depth. Avoid bottom 
disturbance. 

3. When the Kemmerer bottle is at the required depth, send down the messenger, closing 
the sampling device. 

4. Retrieve the sampler and discharge from the bottom drain the first 10-20 mL to clear 
any potential contamination of the valve.  

5. Transfer the sample to the appropriate sample container, as necessary, and cap 
securely. 

Weighted Bottle Sampler. A weighted bottle sampler may be used in situations similar 
to those outlined for the Kemmerer bottle, but for near surface samples. Sampling 
procedures are as follows: 

1. Use a thoroughly cleaned weighted bottle sampler with clean and/or disposable 
sample containers. For fecal coliform bacteria samples, use a sterile sample bottle 
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with the special sample bottle holder and store the bottle cap in a sterile plastic bag to 
prevent contamination. 

3. Upon arrival at each field site, thoroughly rinse the sampler in the stream prior to 
collecting the first sample. 

4. At the designated sampling location, carefully lower the weighted bottle sampler, 
allowing the sampler to fully submerse and fill with water. Fecal coliform samples 
will be collected just below the surface of the stream at the center of flow. 

5. Retrieve the sampler, transfer the sample to the appropriate sample container, as 
necessary, and cap securely. 

Dip Sampler 

A dip sampler is useful in situations where a sample is to be recovered from locations 
(e.g., outfall pipe, sump manhole, along a pond or lagoon bank) where direct access is 
limited. The long handle (or line if sampling from a bridge or other structure directly 
above the water body) on such a device allows access from a safe location. Sampling 
procedures are as follows: 

1. Assemble the device in accordance with the manufacturer’s instructions. 

2. Thoroughly clean the sampler prior to use and use only clean sample containers. 

3. Upon arrival at each field site, thoroughly rinse the sampler in the stream prior to 
collecting the first sample. 

4. Extend the device to the sample location and fill the sample container by dipping 
and/or submersion. 

5. Retrieve the sampler, transfer the sample to the appropriate sample container, as 
necessary, and cap securely. 

Direct Method 

For streams, rivers, lakes, and other surface waters, the direct method may be used to 
collect water samples from the surface directly into the sample bottle. This method may 
not be appropriate for sampling lagoons or other impoundments where contact with 
contaminants is a concern. When using the direct method, do not use pre-preserved 
sample bottles as the collection method may dilute the concentration of preservative 
necessary for proper sample preservation. The procedures are as follows: 

1. Using adequate protective clothing, access the sampling station by appropriate means.  

2. For shallow stream stations, collect the sample under the water surface while pointing 
the sample container upstream. The container must be upstream of the collector. 
Avoid disturbing the substrate.  

3. For lakes and other impoundments, collect the sample under the water surface 
avoiding surface debris and boat wakes. 
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VI.  Disposal Methods 
If required, all water generated during equipment cleaning procedures will be collected 
and contained on site for determination of proper treatment or disposal.  In addition, 
personal protective equipment (e.g., gloves, disposable clothing) and other disposable 
equipment resulting from cleaning and sampling procedures will be placed in plastic bags 
and appropriately contained for proper disposal. 
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SURFACE WATER SAMPLING FIELD LOG 

Project Name: Project Code: Page __ of __ 

Date Time Sample ID Sample Location Equipment Used Samplers Comments 

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

       

       

       

       

Notes: 
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I.  Introduction 
This standard operating procedure (SOP) is applicable to the collection of representative data (stream 
dimensions and water velocity) for use in determining discharge in streams and open channels. These 
typically applicable procedures have been adapted from the USGS Techniques in Water Resources 
Investigations, Book 3, Chapter A8: Discharge Measurements at Gaging Stations 
(http://water.usgs.gov/pubs/twri/twri3a8/pdf/TWRI_3-A8.pdf) and the Open Channel Profiling Handbook, 
January 1989 (Rev. May 1, 1990), Marsh-McBirney, Inc. The procedures herein may be varied or changed 
as required, dependent upon site conditions or equipment and procedural limitations. The actual procedures 
used should be employed in consultation of the more detailed procedures found in the USGS discharge 
measurement guidance document and the actual procedures used should be documented in the field notes, 
especially any changes made. 

II.  Materials 

The following materials shall be available, as required, during collection of surface water flow data. Back-
up field instruments/equipment should be available, if required. 

 Personal protective equipment (as necessary); 
 Boat and/or waders; 
 Cleaning equipment (see the Standard Operating Procedure for Equipment Cleaning); 

 Flowmeter/velocimeter and appropriate accessories (e.g., Marsh-McBirney Flo-
Mate 2000, Pigmy-Gurly velocimeter, profiling/wading rod, boat/bridge board 
with suspension cable and weight, operation manuals); 

 Protractor and compass; 
 Measuring tape and/or measuring wheel; 
 Field data sheets, field log book, waterproof pen, camera and film; 
 Maps/plot plan, survey stakes/flags/buoys and anchors; 

III.  Preparations 

 Determine the extent of the sampling effort, the methods to be employed, and the types and 
amounts of equipment and supplies needed. 

 Obtain the necessary sampling and monitoring equipment to suit the task. Consider stream 
morphometry (width, depths, channels) and deployment circumstances (bridges, shoreline, 
wading, boats, obstructions, currents). 

 Decontaminate or pre-clean equipment and ensure that it is in working order. 
 Prepare scheduling and coordinate with staff, clients, and regulatory agency, if appropriate. 
 Perform a general site survey. 
 Use stakes, flagging, or buoys to identify and mark all sampling locations. If required, the 

proposed locations may be adjusted based on site access, property boundaries, and surface 
obstructions. 

IV.  Flow Measurement Procedures 

The methods of determining cross-sectional area and velocity must be selected prior to the field event. Data 
required for use in calculation of stream flow includes measurements of cross-sectional area (water depth 
and transect segment width), water velocity, flow angle, and transect angle. The mid-section method of 
computing cross-sectional area for discharge measurements is recommended by USGS and there are a 
number of different methods for measuring velocity. The two methods of velocity measurement that follow 
are frequently used for normal stream conditions: 
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 Six tenths Depth Method (0.6 depth below the water surface) uses observed velocity 
at this depth as the mean velocity in the vertical. This method gives extremely reliable 
results whenever the water depth is between 0.3 and 2.5 feet. It is also quicker to 
measure so is good for times of rapidly changing water level (stage). 

 Two Point Method (0.2 and 0.8 depth below the water surface) averages velocities observed at these 
relative depths at each location and this average is used as the same mean velocity in the vertical. This 
method gives more consistent and accurate results than any of the other methods except the vertical-
velocity curve method. The two point method is generally not used at depths less than 2.5 feet because 
the current meter settings would be too close to the water surface and stream bed for dependable 
results. 

Flow measurement data collection using wading techniques are preferred by USGS, if 
conditions permit. Wading measurements offer the advantage over measurements from 
bridges (or other techniques such as cableways, not discussed herein) in that it is usually 
possible to select the best of several available cross-sections for the measurement.  

When a stream cannot be waded, bridges may be used to obtain flow measurements (though cableway 
measurements are usually better, if available). No set rule can be given for choosing between the upstream 
or downstream side of the bridge to collect flow data. The advantages of using the upstream side of the 
bridge are: 

 Hydraulic characteristics at the upstream side of bridge openings usually are more 
favorable. 

 Approaching drift can be seen and be more easily avoided. 
 The streambed at the upstream side of the bridge is not likely to scour as badly as at the downstream 

side. 

The advantages of using the downstream side of the bridge are: 

 Vertical angles are more easily measured because the sounding line will move away 
from the bridge. 

 The flow lines of the stream may be straightened out by passing through a bridge opening with piers 
(see points under step 2 below). 

To accomplish flow data collection using the methods selected, a transect of measurement stations across a 
stream is set up and marked before collecting section depth, width, and velocity data using the following 
steps: 

1. Follow appropriate safety procedures and use personal protective equipment as 
necessary. 

2. Select the transect site location following as many of the following considerations as 
possible: 
 The channel should have as much straight run as possible – at least such that the length upstream 

from the profile should be twice the downstream length. 
 The channel should be free of flow disturbances. Look for protruding pipe joints, sudden changes 

in diameter, contributing sidestreams, outgoing sidestreams, or obstructions. 
 The flow should be free of swirls, eddies, vortices, backward flow, or dead zones.  
 Avoid areas immediately downstream from sharp bends or obstructions. 
 Avoid converging or diverging flow (approach to a flume) and vertical drops. 
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 Avoid areas immediately downstream from a sluice gate or where the channel empties into a body 
of stationary water. 

3. Determine the width of the stream starting and ending at the stream’s edges. Use a 
measuring wheel on a bridge or string a measuring tape between stakes if wading or 
in a boat. 

4. Record the angle of the transect with respect to the stream channel and direction of 
flow.  The transect should most preferably be at right angles to the direction of flow 
to avoid having to correct for the angle of the transect when calculating discharge.  

5. Mark/record the partial section locations (measurement recording stations) of the 
measurement transect. These should be spaced so that no partial section contains 
more than 10 percent of the total flow. The ideal measurement would have less than 5 
percent of the flow in any one partial section. Equal width partial sections across the 
transect are not recommended. Make the width of the partial sections less as depths 
and velocities become greater. 

6. Assemble the appropriate equipment for the velocity and depth measurements. 
7. Prepare the measurement note sheets to include the following information: 

 Name of stream and exact location of transect site. 
 Date, party, type of meter suspension, type of meter. 
 Measurement data (depth, width, position location, velocity, flow angle, time measurements were 

started and ended). 
 Bank of stream that was the starting point. Identify the stream bank by either LEW or REW (left 

edge of water or right edge of water, respectively) when facing downstream. 
 Gage height measurement and corresponding times. 
 Other pertinent information regarding site conditions and accuracy of the measurement. 

8. Begin recording depth, width (transect distance) and velocity measurements at each 
station of the transect, successively, according to the remaining steps below and in 

reference to the figure that follows. 
w = width of segment 
D = distance from stream’s edge 
d = depth of water 

D5 
D4 

Distance: D3 
D2 
D1 
D0 

Stations: 0 1 2 3 4 5 
 
Segment width: w1 w2 w3 w4 w5 
 
 
 
Depths: d0 d1 d2 d3 d4 d5 
 
 



SOP  Surface Water Flow Measurements 
 

Revision Date:  July 12, 2005  
Page A-14 

9. Record distance (D1, D2, D3 …) from steam’s edge at initial station (measurement 
point 0) to each successive station (1, 2, 3, …). 

10. Record the water depth (d0, d1, d2, d3, …) at each measurement point, including the 
edge of the water at each end of the transect.  

11. Measure velocity (0.2 depth & 0.8 depth – or – 0.6 depth below water surface) at each 
station and record the reading and associated meter depth position (0.2, 0.6, 0.8). 
Follow manufacturer instructions for operation of the meter. 
 
Note: If wading, stand in a position that least affects the velocity of the water passing 
the meter sensor (sufficiently downstream or to the side of the sensor – approximately 
an arm’s length). Avoid standing in the water if feet and legs would occupy a 
considerable percentage of the cross section of a narrow stream (use a plank or other 
support). Keep the wading rod in a vertical position and the velocity sensor parallel to 
the direction of flow. 

12. Measure and record the angle of flow with respect to the transect and direction of 
flow, especially if the flow is not at right angles to the transect. 

V.  Discharge Calculation 

The USGS-preferred midpoint method of determining discharge uses the products of the partial areas of the 
stream cross-section (segment) and their respective average velocities (Q = A * V). It is assumed that the 
velocity measurement at each station represents the mean velocity in a partial rectangular area. The area 
extends laterally from half the distance from the preceding station to half the distance to the next and 
vertically from the water surface to the sounded depth. The cross-section is defined by depths at the station 
locations (d1, d2, …, dn). There are two cases in the calculation, as follows: 

For segments in the middle of the transect: 

Qmiddle-segment = (Dn+1 – Dn-1)/2 * dn * Vn 

For segments at the end of the transect: 

Qfirst-end-segment = (Dn+1 – Dn)/2 * dn * Vn 

Qlast-end-segment = (Dn – Dn-1)/2 * dn * Vn 

 Q = A * V (discharge = area * velocity; where) 
 A = w * d (area = width * depth; where) 
 w =  Dn-1 – Dn+1  or  Dn+1 – Dn  or  Dn – Dn-1 

(segment width = distance between alternate or adjacent stations; and) 

Sum the segment discharges to get the total discharge for the river at a particular location 



SOP  Surface Water Flow Measurements 
 

Revision Date:  July 12, 2005  
Page A-15 

VI.  Other considerations for less than ideal site conditions: 

Non-perpendicularity: 

Ideally, the cross-section is perpendicular to the stream channel, which has a straight run of sufficient 
length, and the stream flow is perpendicular to the cross-section. However, this is not always possible in the 
real world. 

Angle of flow measurements should be collected and incorporated into the discharge calculation when flow 
is not perpendicular to the stream cross-section (insufficient straight run length of channel, presence of 
swirls, eddies, etc.).  

Calculation of discharge should consider only the velocity component vector that is parallel to the stream 
channel (perpendicular to the ideal cross-section). This can be obtained by multiplying the velocity reading 
by the cosine of the flow angle (V * cos(a)). If the cross-section measurements are taken from a bridge that 
is not perpendicular to the stream channel, then correction for the angle of the bridge is also necessary. 

Backwater and reverse flow: 

Backwater areas or areas to shallow to measure are usually assigned a velocity of zero. Velocity values in 
areas of flow reversal (from eddies, or lake seiche effects near river mouths) must be assigned the opposite 
sign (if downstream velocities are positive, upstream velocities are negative). 
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Site:

Crew: Date:

Staff Gage Reading (ft): Begin Time:

Tape Down (ft): End Time:

Equipment Used:

Transect Starting Point is on (circle one): left bank facing downstream  right bank facing downstream

Bridge measurements are from  (circle one): upstream side downstream side

Distance Starting Point to Nearest Edge of Water (ft):

Distance Ending Point to Nearest Edge of Water (ft):

Depth at Left Edge of Water (facing downstream):

Depth at Right Edge of Water (facing downstream):

Observations:

Transect 
Point No.

Transect 
Tape 

Reading 
(ft)

Water 
Depth 

(ft)

0.8D 
Velocity 

(ft/s)      
(if Depth 
>2.5 ft)

0.2D 
Velocity 

(ft/s)      
(if Depth 
>2.5 ft)

0.6D 
Velocity 

(ft/s)      
(if Depth 
<2.5 ft)

Angle 
coeff. Notes

Flow Monitoring Datasheet
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I.  Introduction 
 
The equipment cleaning procedures described in this document include pre-field, in-field, and post-field 
cleaning of sampling equipment.  The sampling equipment may consist of surface water sampling devices; 
water testing instruments; or other activity-specific sampling equipment.  All non-disposable sampling 
equipment will be cleaned after completion of each sampling event.  If appropriate, cleaning procedures will be 
monitored through the analysis of rinse blank samples as described in the project QAPP. Equipment cleaning 
areas will be located within or adjacent to a specific work area as necessary. 
 

II.  Materials 
 
The following materials will be available during equipment cleaning, as needed: 
 

 Personal protection equipment (as necessary); 
 Distilled/deionized water; 
 Non-phosphate detergent (Alconox, Liquinox, or equivalent); 
 Tap water; 
 Appropriate cleaning solvent (e.g., methanol, nitric acid); 
 High-pressure hot water/steam cleaning unit; 
 Wash basins; 
 Brushes; 
 Polyethylene sheeting; 
 Aluminum foil; 
 Plastic overpack drum, garbage can, or stainless steel tubes (for bladder or other pumps); 
 Large heavy-duty garbage bags; 
 Spray bottles (to hold tap water, distilled/deionized water, methanol, or nitric acid); and 
 Disposable and/or heavy duty reusable (PVC, latex or nitrile) gloves. 

 

III.  Storage of Equipment 
 
All cleaned sampling equipment will be stored in a clean environment and, if appropriate, the equipment will be 
covered/sealed with aluminum foil. 
 

IV.  Safety Procedures During Equipment Cleaning 
 
1.  Personnel will wear the following personal protection equipment as necessary, when cleaning sampling 

equipment (e.g., Kemmerer sampler, split-spoon sampler, trowels) and larger equipment (e.g., drill rig, 
augers): 
 

 Safety glasses, goggles, or a splash shield; and 
 PVC, latex, or nitrile outer gloves, 

 Coated Tyvek disposable coveralls or rainsuit, optional for small equipment cleaning; and 
 Chemical resistant over boots, optional for small equipment cleaning. 

2.  All solvent rinsing if required, will be conducted in an adequately ventilated area. 

3.  All solvents transported into the field will be stored and packaged in appropriate containers with care taken 
to avoid exposure to extreme heat. 
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4.  Handling of solvents will be consistent with the manufacturer's Material Safety Data Sheets (MSDS). 

 

V.  Field Cleaning Procedures 
 
Cleaning Station 
 
If a designated field equipment cleaning station location is required, it will be established to conduct all 
cleaning at each work area of the Site.  The field equipment cleaning station will be located away from the 
immediate work area to minimize adverse impacts from work activities on the cleaning procedures, but close 
enough so the sampling teams can minimize equipment handling and transport.   
 
Cleaning of Smaller Sampling Equipment 
 
Cleaning of smaller sampling equipment (e.g., Kemmerer samplers, sample composite vessels, split-spoon 
samplers, bailers, trowels) will be conducted according to the following sequential procedure: 
 

 Non-phosphate detergent (Alconox, Liquinox, or equivalent) and tap water wash; 
 Tap water rinse; 
 Solvent rinse, if required (e.g., methanol for organic constituent analysis, nitric acid for inorganic 

constituent analysis); and 
 Triple distilled/deionized water rinse. 

 
The first step, non-phosphate detergent and tap water scrub, is intended to remove all visible particulate matter 
and residual oil and grease.  This may be preceded by a steam cleaning to facilitate soils removal.  The tap 
water rinse is necessary to remove all soapy residues.  The need for a specific solvent used for the solvent rinse, 
if required in the QAPP, will depend upon what the sample will be analyzed for.  The final rinse of 
distilled/deionized water will be repeated three times.  The equipment will then be allowed to air dry. 
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Collection and Disposal of used Solvents, Residuals and Rinse Solutions 
 

All solvents, residuals, and rinse waters generated during the cleaning of equipment on-site 
will be collected, containerized, and stored on-site until arrangements can be made for proper 
disposal. 
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I.  Introduction 

This standard operating procedure (SOP) is applicable to the collection of representative 
sediment oxygen demand (SOD) data from streams, rivers, lakes, ponds, lagoons, and surface 
impoundments. These typically applicable procedures have been adapted from the Ohio EPA 
Sediment Sampling Guide and Methodologies (OEPA, 2001), and may be varied or changed as 
required, dependent upon site conditions or equipment and procedural limitations. The actual 
procedures used should be documented in the field notes, especially if changes are made. 

In order to collect representative SOD data, the hydrology and morphometry of a stream or 
impoundment should be determined prior to sampling. This will aid in determining appropriate 
sampling locations (see Section II).  

SOD is measured using a dark chamber (resembling a large, inverted bowl) that isolates a known 
area of sediment and a known volume of water. A pump and tubing are used to form a closed 
system loop to circulate the volume of water over the area of sediment and ensure complete 
mixing. A dissolved oxygen (DO) probe in the chamber provides a continuous display of the DO 
concentration inside the chamber, which is recorded every five minutes for two hours or until the 
DO drops by 2 mg/L. 

By using a dark chamber, photosynthesis does not affect the DO of the water in the chamber, and 
respiration and SOD are the only influences in the DO chamber. The effects of respiration are 
quantified by filling a blank SOD chamber or dark bottle with a known volume of water from the 
same location as the measurement chamber and measuring the DO at the beginning and end of 
the SOD test. The change in DO in the blank chamber or dark bottle provides an estimate of the 
amount of DO consumed by algal respiration in the water column. 

The rate of change of DO in the chamber is determined by plotting the DO recorded in the 
chamber every five minutes. A regression analysis is then performed on the dataset. The rate of 
change of DO in the chamber is equal to the slope of the regression. The respiration rate 
measured in the dark bottle is subtracted from this rate. The corrected value is then divided by 
the area of the underlying sediment, resulting in an SOD value expressed as grams of oxygen 
consumed per square meter per day (g/m2/day) at the ambient temperature. To provide for 
standardization, temperatures are usually corrected to 20 degrees Celsius using a temperature 
correction factor.  

II.  Site Selection 

SOD should be evaluated when any of the following conditions exist: 

 Reaches having extensive low velocity pools (less than 0.25 fps). 
 Reaches having diurnal DO swings greater than 100%. 
 Reaches having extensive sludge deposits. 

Sites should be selected based on a field evaluation that includes: 
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 Stream velocity; less than 0.25 fps (Velz, 1970), i.e., pools. 
 Discharger location. 
 Accessibility. 
 Presence and extent of sludge deposits. Sludge deposits present the greatest impact of 

sediment types on instream DO. Sites for SOD measurement should include sludge deposits, 
if present, or locations with hydraulic characteristics conducive to sludge deposition. 

III.  Materials 

The following materials shall be available, as required, during SOD surveys. Back-up field 
instruments/equipment should be available, if required. 

 Personal protective equipment (as necessary). 
 Cleaning equipment (as required in the Standard Operating Procedure for Equipment 

Cleaning). 
 SOD chambers (benthic respirometer) and accessories (mixing pump with tubing and fittings, 

battery with connecting cables, rheostat for adjusting pump velocity). 
 DO Meters – YSI Model 56 DO meter for each chamber, YSI Model 57 DO meter for algal 

production outside chamber, chart recorder.  
 Primary productivity bottles, rope.  
 Turbidimeter and accessories.  
 Pyranograph and photometer with submersible sensor.  
 Sediment sampling equipment (scoop, ponar dredge, etc.).  
 Field data sheets, field log book, waterproof pen, camera and film. 
 Miscellaneous supplies: Maps/plot plan, extra rope, bungee cords, survey stakes/flags/buoys, 

anchors and safety equipment. 

IV.  Preparations 

 Determine the extent of the sampling effort, the sampling methods to be employed, and the 
types and amounts of equipment and supplies needed. 

 Decontaminate or pre-clean equipment and ensure that it is in working order. 
 Prepare scheduling and coordinate with staff, clients, and regulatory agency, if appropriate. 
 Perform a general site survey. 
 Use stakes, flagging, or buoys to identify and mark all sampling locations. If required, the 

proposed locations may be adjusted based on site access, property boundaries, and surface 
obstructions. If also collecting sediment samples, this procedure may disturb the bottom and 
cause interferences with collection of representative water samples. 

V.  SOD Instrument Setup and Measurement Procedures 

Benthic Respirometer – Instrument Setup 
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1. Measure and record on SOD data sheet: water velocity at 0.2 feet above sediments, SOD 
chamber number. 

2. Calibrate DO meter. Record DO concentration near water surface. 

3. Place chamber in sediments. If sediments are disturbed, wait several minutes before 
proceeding. 

4. Purge all air from the mixing pump and tubing by running the pump for a sufficient time 
period with tubing ends under water.  

5. Attach the mixing pump inlet and outlet tubing to the SOD chamber fittings. Turn on pump 
to begin mixing water and verify that no air is trapped within chamber.  

6. Insert the DO probe in the chamber. Verify that no air bubbles are introduced inside the 
chamber via the probe. 

7. If possible, regulate water velocity within chamber to approximate stream velocity near the 
sediments outside the chamber. If a rheostat is used in-line with the pump, the rheostat 
settings will need to be calibrated to velocity using the pump and tubing, a bucket and a 
flowmeter. 

8. Install a similar respirometer next to the first one, but seal the bottom with a plastic lid, 
excluding all sediment (for quality control “blank” measurements). This chamber will 
measure the respiration oxygen demand of the water column, to be subtracted from the DO 
change measured by the first SOD chamber. If only one chamber is available, use the DO 
change measured in the dark productivity bottles to make this correction. 

9. Start the DO meter.  

10. Record the starting time, date, site data, meter number and, if using a non-auto-recording DO 
meter, manually record the DO and temperature readings on the SOD field data sheet. Write 
the values at 5 minute intervals initially, and alter the interval depending on the rate of 
oxygen uptake. 

11. Retrieve chamber after DO concentration has decreased by 2 mg/l or after two hours. 

VI.  Calculations 

The following equation is used to determine the SOD: 

SOD = 1.44 * (V/A)*(b1-b2)  where: 

SOD = sediment oxygen demand, in g/m2/day 
1.44 = conversion factor, converts results to g/m2/day 
V = volume of chamber, in liters 
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A = area of chamber, in square meters (A=p*r2) 
b1 = rate of change of DO inside the SOD chamber, in mg/L/minute 
b2 = rate of change of DO inside the “blank” SOD chamber or dark 

productivity bottles, in mg/L/minute 

To facilitate the comparison of results among different sites, the SOD should be converted to 
20oC by using the following equation: 

SOD20 = SODT/(1.065T-20) where: 

SODT = SOD at original temperature, in g/m2/day 
SOD20 = SOD at 20oC, in g/m2/day  
T = Ambient temperature, in oC 

VII  Disposal Methods 

If required, all water generated during equipment cleaning procedures will be collected and 
contained for determination of proper treatment or disposal.  In addition, personal protective 
equipment (e.g., gloves, disposable clothing) and other disposable equipment resulting from 
cleaning and sampling procedures will be placed in plastic bags and appropriately contained for 
proper disposal. 

VIII.  References 

Ohio EPA.  2001.  Sediment Sampling Guide and Methodologies, 2nd Edition.  Division of 
Surface Water, Columbus, Ohio. Nov. 2001 

Velz, Clarence. 1970. Applied Stream Sanitation. Wiley Interscience. New York, NY. 
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I.  Introduction 

Water quality parameters, such as water temperature, dissolved oxygen and pH are routinely measured during 
surface water investigations. Instantaneous measurements may be recorded using individual probes or multi-sensor 
sondes, as available and appropriate for each situation. These probes should be calibrated daily using manufacturer 
procedures. Collection of continuous data is most commonly performed using a data sonde with internal batteries 
and memory capacity that can be deployed for extended periods to record data over a range of conditions.  The 
primary limiting factor for extended deployment duration is usually degradation of data quality because of 
biofouling of the sensor surfaces.  The rate of biofouling is related to productivity of the water where monitoring is 
being conducted.  In general, a sonde should be downloaded, checked for reading stability (drift), and recalibrated at 
a frequency of no more than seven to ten days.  An initial check within this time period may allow for modification 
of subsequent visits, depending on the magnitude of drift observed. The calibration and maintenance log for the 
above referenced meters is included as an attachment to this Standard Operating Procedure. 

II.  Materials 

The following materials, as required, shall be available for installation of and field visits to the continuous 
monitoring station(s): 

 Personal protective equipment (as necessary); 
 Perforated PVC housing(s) for extended deployment installations; 
 Fence post(s) and pounder for extended deployment installations; 
 Attachment hardware for extended deployment installations; 
 Data probes or sonde; 
 Manufacturer's operating manuals for each instrument; 
 Calibration solutions appropriate for each instrument; 
 Tools and equipment necessary for field maintenance of instruments; 
 Laptop computer for setup and downloading sondes (as necessary); 
 Clean container; 
 pH calibration buffer solution within and bracketing expected range of measurements; 
 Cleaning equipment (as required in the Standard Operating Procedure for Equipment 

Cleaning); 
 Distilled/deionized water; and 
 Appropriate forms and field notebook. 

III.  Procedures for Instantaneous Field Water Quality Measurements 

1. Calibrate and operate all meters in accordance with manufacturer’s operating manuals. 

2. For in-situ surface water measurements place probe(s) at the designated location in the water body, allow 
instrument readings to stabilize, and record the readings for each parameter:  

3. If measuring ex-situ samples, collect a water sample from the designated location in the designated container, 
insert probes into container and record readings (especially temperature and pH readings) as soon as possible 
after collecting the sample to minimize inaccuracies from the changing temperature of the sample as it 
equilibrates to ambient temperature. 

4. Rinse probes off in distilled/deionized water, if required. 
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5. Log results and observations in field notebook. 

IV.  Procedures for Extended Sonde Deployment and Continuous 
Measurements 

Installation. Installation of the data sonde is accomplished using a perforated PVC housing attached to a fence post 
or other structure, if present and appropriate.  The goal of the installation is to place the sensors in a location that is 
representative of the water column (e.g. mid-channel, mid-depth, middle of flow volume).  It is important to 
consider water level fluctuations, obstructions, and debris that may be present during wet or dry weather conditions 
and plan the installation accordingly to maximize the collection of accurate data. After an appropriate location is 
identified, install the perforated PVC housing in the stream channel.   
Data Sonde Set-up and Calibration. The dissolved oxygen and pH sensors are calibrated according to 
manufacturer specifications prior to installation.  Temperature is usually a factory-calibrated parameter.  A logging 
file is created in the sonde for the storage of data according to manufacturer specifications.  Start date and time is 
specified to ensure that data logging occurs when the sonde is deployed. Specify the sampling interval/data 
recording frequency.  After calibration and logging file set-up, remove calibration chamber and attach the weighted 
strainer.  Place the sonde into the protective housing.  Secure the cap to the housing.  Record deployment time in 
field notes.   

Field Maintenance. The data sonde should be maintained at a minimum frequency of every seven to ten days.  The 
current readings should be checked to evaluate drift, the logging file should be downloaded, the sonde should be 
cleaned and recalibrated, and the sonde should be redeployed.  Each of these activities is described below.  

The readings being reported by the sensors are checked for drift by comparing to known values.  Dissolved oxygen 
is compared to a winkler titration and pH readings are compared to calibration solutions.  The procedure is as 
follows: 

1. Collect a water sample using a 5-gallon bucket, taking care to minimize turbulence. Keep 
sample out of direct sunlight. 

2. Remove sonde from housing, connect to laptop, and place sensors in sample bucket.   
NOTE: take care to minimize disturbance to sensors;  

3. Record current dissolved oxygen reading;  

4. Conduct a Winkler titration to determine dissolved oxygen concentration of sample. Perform 
this step with an aliquot of the water collected in step 1 and as near as possible to the same 
time the sonde DO reading is recorded. Treat both sample aliquots identically otherwise, 
collect; 

 

5. Calculate relative percent difference (RPD) between Winkler and sonde dissolved oxygen 
readings using the formula noted below. The acceptance criterion for this comparison is an 
RPD of 20% or less.  
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RPD= 
(Abs(Winkler D.O.-Sonde D.O.)) 
_________________________________________ 

   (Winkler D.O.+Sonde D.O / 2) 
*100

6. Record result in the field notebook; 

7. Repeat process for the pH sensors; 

8. Download logging file to laptop; 

9. Gently clean the sensors to remove biofilms according to manufacturer specifications; 

10. Recalibrate sensors; 

11. Set up logging file; 

12. Redeploy sonde, record date and time in field notes. 
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FIELD INSTRUMENT CALIBRATION AND MAINTENANCE LOG 
Temperature, pH and Dissolved Oxygen Meters 

Instrument Temperature pH D.O. 

Manufacturer    

Model    

Identification No.    

 

Date Time Initials Temp  pH  D.O. Battery Comments 

   °C  4 7 10  Check  

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

. 
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I.  Handling 

1. Fill in sample label (see attachment).  Use indelible waterproof marking pen and include: 

 Sample Identification code (if possible, should reflect site name, sample location and 
sample interval) 

 Sample type (e.g., soil, sediment, water, vapor); 
 Project code; 
 Analysis required; 
 Date sampled; 
 Time sampled; 
 Name or initials of person who collected the sample; 
 Mode of collection (composite or grab); and 
 Preservation added, if applicable. 

2. Check the caps on the sample containers so that they are tightly sealed. 

3. Cover the label and sample container cap with clear packing tape to secure the label and cap 
onto the container, if necessary. 

4. Place a signed custody seal label (see attachment) over the cap such that the cap cannot be 
removed without breaking the custody seal, if required. 

 

II.  Packing 

1. If using a laboratory-supplied transpack, follow the laboratory's instructions for packing.  
Generally, repack the transpack in the same way in which the empty containers were 
received.  If using a standard cooler, follow the instructions below. 

2. Using packaging tape, secure the outside and inside the drain plug at the bottom of the cooler 
that is used for sample transport.   

3. Place 1 to 2 inches of vermiculite or other cushioning material at the bottom of the cooler. 

4. Place the sealed container upright in the cooler. 

5. Place additional cushioning material around the sides of each sample container. 

6. Place frozen gel cold packs on top of sample containers.  If ice is used, repackage ice in small 

Ziploc - type plastic bags and place loosely in the cooler.  Do not pack cold packs or ice so 
tightly that it may prevent the addition of sufficient cushioning material. 

7. Fill the remaining space in the cooler with vermiculite or other cushioning material. 

8. Place the chain-of-custody forms (see attachment) in a large Ziploc type bag and tape the 
forms to the inside of the cooler lid. 
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9. Close the cooler lid and fasten with packaging tape. 

10.  Wrap strapping or packaging tape around both ends of the cooler at least twice. 

11. Mark the cooler on the outside with the following information:  return address, "Fragile" 
labels (see attachment) on the top and on one side, and arrows indicating "This Side Up" (see 
attachment) on two adjacent sides. 

12. Place custody seal evidence tape (see attachment) over front right and back left of the cooler 
lid and cover with clear plastic tape. 

III.  Shipping 

1.  Environmental samples will be shipped according to 40 CFR 761.65 (i)(3) and in accordance 
with current and applicable D.O.T. standards. 

2.  All samples will be delivered by an express carrier, allowing for sufficient time for analysis to 
be performed within the applicable holding time periods. 

3.  The following chain-of-custody procedures will apply to sample shipping: 

 Relinquish the sample containers to the laboratory via express carrier.  The signed and 
dated forms should be taped inside the top of the cooler.  The express carrier will not be 
required to sign the chain-of-custody forms. 

 When the samples are received by the laboratory, the laboratory personnel shall complete 
the chain-of-custody forms by signing and dating to acknowledge receipt of samples.  
The internal temperature of the shipping container is measured and recorded.  The sample 
identification numbers on the containers are then checked to ensure that they are 
consistent with the chain of custody forms 
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Sample Shipping Label 
 

  LimnoTech 

734-332-1200 

 

Client/Source:  Grab 

 

 Composite 

Site Name: Date: 

Sample # Time: 

Analysis: Preservatives: 

Collected by: 

 
 

Sample Custody Seal Label 
 

LimnoTech 
501 Avis Drive 

Ann Arbor, MI  48108 

Sealed by:   

Date:  Time:   
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Sample Chain of Custody Form 
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